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Centre: Field visit of Lonar Crater, Maharashtra, India during Thirteenth PLANE X Workshop held at NGRI, Hyderabad 
Left Panel: (Top to Bottom) Contrail of a recent meteorite that streaked across the sky of Ural Mountains in Russia; Image of 
a fireball observed during the meteorite fall; Photograph showing a circular hole in the ice of Chebarkul lake near 
Chelyabinsk where the meteorite has been reported to struck; Some recovered fragments of the meteorite. 

Right Panel: Mosaic of pictures taken from Chandrayaan-1’s Moon Impact Probe (MIP) Camera during its descent before 
impacting near lunar South Pole. The impact site is named as “Jawahar Sthal’. MIP with Indian Flag on it can also be seen in 
the picture. An article illustrating interesting results from ‘CHACE’ instrument of MIP is presented in this issue. 
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Dear readers, Chandrayaan-1, India’s first planetary 
venture has succeeded in changing the perception of the 
Moon in several aspects, the prominent one being “Bone 
Dry’ to ‘Watery Moon’. Three of its payloads M”, Mini- 
SAR & CHACE confirmed presence of water on the 
surface and in the exosphere of the Moon. The issue 
commences with an experience sharing article by Dr. R. 
Sridharan the principle investigator of CHACE payload 
which scanned the lunar atmosphere while descending 
down aboard Moon Impact Probe (MIP) providing 
exciting insights into the composition of lunar 
exosphere. This modest beginning in Planetary Exp. by 
India requires many more follow up missions to diverse 
space destinations such as Mars, asteroids etc. in future. 
An informative article by Dr. R.V. Ramanan of IIST, 
Thiruvananthpuram delineates the pathways for these 
missions through fundamental concepts of mission 
design. 


Recently in Russia, we witnessed a closed encounter 
with the most dreaded events that had possibly wiped off 
life from the Earth several times in the past — an 
asteroidal hit. An article elucidating their past 
occurrences, probability for future hits and our 
monitoring/mitigation capabilities have been provided to 
enlighten our readers regarding the scientific importance 
of these events and to distant them from deep rooted 
rumors in the society surrounding them. An article on 
geology of Lonar crater in Maharashtra district of India 
has been included to instill research interest among the 
young aspirants. Lonar structure is one of the rare 
occurrences on the earth where the meteoritic impact 
took place on basaltic rocks analogous to the majority of 
popularly studied extraterrestrial targets. 


A mission story on the NASAs Messenger mission to 
Mercury has been provided highlighting the goals and 
key discoveries. Regular contents such as News 
highlights and Mission updates continue to track the 
advancements in Planetary Sci. & Exp. Announcement 
and Opportunities section has been included for the 
benefit of those interested in pursuing their career in 
planetary science. In our endeavor to explore the 
grassroots of planetary astronomy, the back page 
provides glimpses and description of an ancient 
observatory in Beijing, China. 


Before signing off, I would like to welcome Ms. Indhu 
Varatharajan of PLANEX programme to the editorial 
team. We hope to receive her valuable contributions in 
future. 


Once again wishing you a ‘Happy Reading’ © 
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Planex Newsletter is an informative magazine, 
with not only the articles but also with details of 
upcoming conferences 


- Megha Bhat 
Max Planck Institute for Solar System Research 
Germany 


Thank you very much for sending the Planex 
news letter. Articles are very interesting 


- G Narahari Datta 
ISTRAC, Dept of Space, Bangalore 


Reading Planex newsletter is excellent. My 
congratulations to you and the whole team 


- AK Singal 
Physical Research Laboratory 
Ahmedabad 


Thanks for sending the current issue, it is 
highly knowledge sharing and interesting 


- Rakesh Roy 
Department of Physics 
Tripura University, Tripura 


“_.....All the articles are very well written and most 
importantly easy to understand. The sections, 'News 


Highlights' and 'Mission updates’ I found very 


informative and nicely written 
- Tanmoy Chattopadhyay 


Physical Research Laboratory 
Ahmedabad 
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Black Beauty from Mars: NWA 7034 
A new Martian meteorite, named NWA 7034, was 
recovered in 2011 from Morocco, North Africa. The 
formation age of ~2.1 Ga makes it the only dated 
meteorite sample from the early Amazonian epoch in 
Mars’ geologic history. This Martian meteorite is the most 
geochemically enriched rock from Mars found to date, 
with plagioclase feldspar as the most abundant phase, 
followed by orthopyroxene, clinopyroxene, iron oxide, 
alkali feldspar, and apatite. The petrological investigations 
of this meteorite have 
shown the dominant 
textural type as fine- 
grained basaltic 
porphyry with feldspar 
and pyroxene 
phenocrysts that 
classified it as 
monomict — brecciated 
porphyritic basalt. 
Based on the REE 
enrichment, isotopic 


Credit/source: 
Meteoritics UNM 


Institute of 


composition, and match to rover elemental data) NWA 


7034 better represents the composition of Mars’ crust than 
other Martian meteorites. Consequently, — the 
geochemically enriched source that produced NWA 7034 
could have originated from the Martian crust or mantle. 
Spectral signatures of macromolecular carbon (MMC), 
similar to reduced organic macromolecular carbon, are 
identified in the Confocal Raman imaging spectroscopic 
analysis of NWA 7034. The bulk oxygen isotope value of 
NWA 7034 (AO = 0.58 + 0.05%) is significantly higher 
from other Martian meteorites (0.15< A'’7O <0.45%). This 
scenario needs further explanation, before a firm 
conclusion regarding the existence of multiple oxygen 
reservoirs on Mars is established. Moreover, NWA 7034 
was observed to have an order of magnitude more 
indigenous water than most SNC meteorites, with up to 
6000 ppm. The study has generated evidences that 
supports past alternatives of Martian aqueous alteration 
scenarios, indicating that aqueous alteration of surface 
materials were either magmatically derived or by meteoric 
aqueous fluids during the early Amazonian epoch (2.1 
Ga). 
Source:http://www.sciencemag.org/content/339/6121/780.abstr 
act 
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Longest Scientific Flight by NASA’s Balloon 

Scientific balloon flight experiments provide scientists the 
ability to gather critical science data for long duration at 
relatively low cost. Recently, one of the science balloons 
by NASA the “Super Trans-Iron Galactic Element 
Recorder” (Super-TIGER) balloon broke record 

for longest flight duration. It was launched at 3:45 p.m. 
EST, 8 Dec. 2012 from the Long Duration Balloon site 
near Mc Murdo Station, Antarctica. The balloon’s first 
flight was for 46 days. During its second record breaking 
flight it spent 55 days, 1 hour, and 34 minutes at an 
altitude of 127,000 feet in the skies, which accounts to be 
more than four times the altitude of most of the 
commercial airliners. The previous record was set by 
NASA's Super Pressure Balloon test flight in 2009 during 
which it flew for 54 days, 1 hour, and 29 minutes. 
Because of the counter clockwise circulating winds from 
East to West in the stratosphere above the South Pole and 
the sparse population on the ground, the balloon was able 
to achieve such a long, successful flight. The most 
significant part of the entire test was the new instrument 
that the balloon was carrying. This instrument could 
measure elements heavier than iron within high energy 
cosmic rays that bombard the Earth from all around the 
Milky Way galaxy. The experiment detected 50 million 
cosmic rays. Further analysis of this data as well as 
similar future experiments will help scientists in gaining 
better understanding on "where the energetic atomic 
nuclei are produced and how they achieve their very high 
energies”. 
Source:http://www.nasa.gov/home/hqnews/2013/feb/HQ_13- 
037 Balloon _Records.html 


Traces of Water in Lunar Anorthosites 

The Moon was thought to have lost its volatiles as it 
formed by the giant impact of a Mars-size planetesimal 
with the proto Earth, and during degassing of an early 
planet-wide magma ocean. With the improved analytical 
detection limit of hydrogen, the understandings of 
indigenous volatile content in lunar interior have 
somehow developed from the recent discoveries of water 
in picritic glass beads, apatites, and olivine-hosted melt- 
inclusions. The series of analytical studies have suggested 
that water is distributed heterogeneously in the 

lunar interior, making the lunar mantle to contain similar 
amount of water as in Earth's upper mantle. It has been 
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successively added from the model-based studies that the 
bulk lunar magma ocean (LMO) contained far less than 
100 ppm of water, and the major component of water was 
later added to it from external source. Measurement of 
water in anorthosite, the 
primary product of LMO, 
has been carried out 
recently to account for the 
presence of water in the 
primordial Moon. 
Plagioclase grains in the 
lunar anorthosites (ferroan 
anorthosite and troctolite), 
obtained in the Apollo 
missions, have been 
analysed using Fourier-transform infrared spectroscopy 
(FTIR). Water has been detected at concentrations of ~6 
ppm in anorthosites and ~2.7 ppm in troctolites, from 
which it is further estimated that the initial water content 
of the lunar magma ocean was ~320 ppm, a sufficient 
amount to explain the water contents measured in lunar 
volcanic rocks. 


Source: http://www.nature.com/ngeo/journal/v6/n3/full/ngeo173 
5.html 


Credit/source: NASA 
Johnson Space Center 


Recent Finding of Asteroid Belt Surrounding Vega 

An interesting question arises: do the stars beyond our 
solar system also have cometary bodies, asteroid belt, 
multiple planet systems and similar other bodies like we 
have in our solar system? Recent astronomical findings do 
suggest an affirmative answer. A large asteroid belt 
around the second brightest star “Vega” has been 
discovered, as also observed in another star, “Fomalhaut”. 
Both these stars show striking similarities in many other 
aspects; both are about twice the mass of Sun, both appear 
bluish in visible light, and ~ 25 light years away from us. 
The age of Fomalhaut is ~ 400 million years and that of 
Vega is ~ 600 million years. NASA’s and ESA’s Spitzer 
and Herschel telescopes detected infrared light emitted by 
warm and cold dust in form of distinct bands around both 
these stars leading to 

the new discovery of the asteroid belt around Vega and 
also confirming the existence of other belts around both 
stars. Both the stars have inner warmer and outer cooler 
belts separated by a distinct gap, characteristically similar 
to the asteroid belt and Kuiper belt of our solar system. 
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They also contain much more materials than compared to 
our asteroid and Kuiper belts. This is because these star 
systems are much younger in age and possibly formed 
from an initially denser cloud of gas and dust than 
compared to our solar system. It has been observed that 
our solar system’s asteroid belt lying between Mars and 
Jupiter is sustained by the gravity of terrestrial planets and 
the giant planets, and the outer Kuiper belt is formed and 
shaped by giant planets. The gap between the belts of 
Vega and Fomalhaut is also proportionally correspondent 
to the asteroid and Kuiper belts. If we look at the ratio, the 
gap between the inner and outer belts is about 1:10. The 
most likely explanation is the possible presence of several 
large and small undetected planets which are continuously 
orbiting around Vega and Fomalhaut. It is expected that 
with the advent of new technologies and facilities, soon 
astronomers would be able to shed light on the possible 
existence of such numerous astronomical bodies far 
beyond our solar system. 


Source:http://www.nasa.gov/mission_pages/spitzer/news/spitze 
rvega20130108.html 


Curiosity Drilled on Mars: First Time 

In the MSL’s journey of revealing intriguing scientific 
facts about Mars, Feb. 8, 2013 was the first day in the 
history of planetary exploration when a rover has drilled 
into a rock to collect a sample on Mars. On the curiosity’s 
182" day of Martian investigation, or Sol 182, rover has 
drilled a fresh hole, of about 0.63 inch wide and 2.5 inches 
deep in a patch of fine-grained sedimentary bedrock. 
Curiosity has relayed new images that confirmed it has 
successfully obtained the first sample ever collected from 
the interior of the red planet. The 


Credit/source: NASA / JPL 


Back to Contents 3 


powdered sample is part of Curiosity's Collection and 
Handling for In-Situ Martian Rock Analysis (CHIMRA) 
device. During the next steps of processing, the powder 
will be enclosed inside CHIMRA, shaken once or twice 
over a sieve that screens out particles larger than 150 
microns across. The portion of rock been drilled is 
believed to hold evidences for long-gone wet 
environments on Mars. In pursuit of that evidence, the 
rover will use Chemistry and Mineralogy (CheMin) 
instrument and Sample Analysis at Mars (SAM) 
instrument to analyze rock powder collected by the scoop. 
The entire scientific community is excited and expecting 
to learn a lot about various aspects of Martian science that 
the rover is going to relay back to Earth from its analysis 
at Gale crater. 
Source:http://www.nasa.gov/mission_pages/msl/index.html 


Narrow Escape from an Asteroid Impact 

We know that Earth is frequently bombarded by comets, 
meteors and asteroids. Most of them have no fatal 
consequences since they burn up entering the Earth’s 
atmosphere, but some may _ have _ catastrophic 


consequences. The best example can be none other than 
the one which impacted almost 66 million years ago and 


solely responsible for the complete extinction of 
Dinosaurs. Asteroid 2012 DA14, which was discovered 
almost a year back by astronomers in Spain, has passed 
relatively very close to Earth (27,700 kilometers) above 
Earth’s surface on February 15" 2013. This was going to 
be actually even nearer than many orbiting weather and 

communication satellites, but fortunately far enough to 


Credit/source: NASA/JPL-Caltech 


Volume -3, Issue-Z, April 2013 


safely pass away from Earth. After calculating its orbital 
trajectory as well as considering its uncertainties, it was 
apparent that this primordial rock weighing around 
130,000 metric tons would flyby very closely over the 
eastern Indian Ocean, off Sumatra, but no Earth impact 
would be possible. It has been observed from the 
calculations that about 500,000 objects of nearly the same 
size as that of DA14, regularly cross the Earth's path. 
Statistically, it is estimated that about every 40 years at 
least one such object closely passes by Earth and once 
about every 1,200 years, it is likely to hit the Earth. Such 
an impact would have a very catastrophic effect since an 
asteroid of this size is good enough to generate about 2.5 
megatons of blast energy which is about twice the 
explosive power generated by nuclear weapons. With the 
advent of our greatly improved scientific technology and 
various space observation programs it is now possible to 
detect numerous smaller bodies like 2012 DA14, which 
were previously very difficult to spot. 
Source:http://dawn.com/2013/02/08/near-impact-asteroid-to- 
narrowly-miss-earth 


Venus's Atmospheric Cycles unfolded 

Venus Express of the European Space Agency (ESA) has 
monitored variable venusian atmosphere and cloud, which 
is shrouded by thick layers of sulphur dioxide. Venus has 
similar size and density to that of the Earth. Owing to 
worst effect of global warming, this planet's surface is too 
hot (~ 900°F) to melt lead. Using ultraviolet spectrometer 
data from the SPICAV (Spectroscopy for Investigation of 
Characteristics of the Atmosphere of Venus) onboard the 
Venus Express spacecraft between 2007 and 2012, a 
decrease of an order of magnitude in sulphur dioxide 
column density above Venus’s clouds is observed. Strong 
latitudinal variability in sulphur dioxide is also observed 
and indicates supply fluctuations from the lower 
atmosphere. This episodic sulphur dioxide fluctuation is 
interpreted to be caused either by periodic large-scale 
volcanism, or by long-period atmospheric circulation. 
This and earlier observations by Pioneer Venus confirms 
episodic injections of sulphur dioxide, suggesting a more 
variable Venusian atmosphere than expected. 

Source: http://science.time.com/2013/01/02/volcanoes-on- 
venus-new-clues-and-mysteries-about-earths-boiling- 
twin/?iid=tsmodule 
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Clues for the Possibility of Extraterrestrial Life 

It was earlier discovered that beneath the icy-surface of a 
buried Antarctic lake, at temperatures cold enough to 
freeze seawater, a diverse community of bacteria survived 
for millennia in super-salty water. This discovery further 
shed light on the extreme limits at which life can live not 
just on Earth, but possibly in an even broader range of 
environments than it was previously thought. Recently, 
scientists have collected samples, which they believe 
contain life-forms, drilling 

deep down the Lake Whillans beneath 2600 feet at West 
Antarctica. Until now, it is not known how many of the 
microbes (the life-forms) discovered in the sediments and 
water by US Antarctic expedition team WISSARD are 
new or known. However, it is speculated that the microbes 
residing in Lake Whillans most likely inhale oxygen by 
munching the rocks bordering the lake. It is also 
hypothesized that the subterranean bacteria are engaged in 
a process called weathering, in which microbes use 
oxygen to process iron and sulfur in the rocks around 
them, similar to how animals use oxygen to burn sugars 


Credit/source: Science Recorder 


and fats for energy. The sulfuric acid produced as a 
byproduct of this activity would likely dissolve other 
minerals in the lake, liberating sodium, calcium, 
potassium, and other materials, which might prove helpful 
to the bacteria. Similar groups from Russia and Britain 
join the U.S. drilling team into lakes trapped beneath 
glaciers. It will be interesting to see how the research 
teams prepare to further investigate the existence of 
microbes in the surface beneath the ice and to find the 
clues for the possibility of extraterrestrial life, as similar 
subsurface oceans of water are believed to exist in 
Jupiter’s moon Europa, and Saturn’s Enceladus. 
Source:http://news.nationalgeographic.co.in/news/2013/02/130 
205-antarctica-ice-life-moons-science-environment-lakes/ 
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The CHAS(C)E continues ...... 


Background 

Our planetary neighbour ‘The MOON’, referred to as 
“CHANDRA” had been having a special place in the 
exploration of our solar system. Its proximity to us and 
its possible role in the evolution of life in our own planet 
through its gravitational force resulting in high/low tides 
in the ocean, thus bringing back and forth aquatic living 
beings/organisms which finally settled down on the 
surface for further evolution itself is one good reason. In 
addition, the possibility of it retaining its original, 
primordial stature/composition leading us to the clues 
with regard to the formation of our solar system, make us 
have sustained interest on this planetary body. The 
interest grew with the technological developments that 
finally led the mankind to make several visits there, 
collect and bring back samples for further analysis. 
Initially the comparisons of what were observed had been 
made with our own planet Earth and this sort of a 
comparison actually dates back to 8" century BC when 
the philosophers referred to the moon as another world 
with cities, mountains and large temples (Opik, 1962 — 
Planet space. Sci. vol 9 pp 211-244)! The similarities 
even extended to human occupation of the moon. The 
near lifeless planetary body got exposed with the dawn of 
the space era and it had taken nearly 25 centuries to 
accomplish this! To be more precise, with the advent of 
ground based telescopes, things began to fall in place. 
The idea of water bodies on moon vanished and the 
question of the presence of an atmosphere remained 
elusive. With improved techniques, the projected 
atmospheric number densities steadily decreased. 
During the Apollo era of the 20th century the last nail 
was fixed or at least it was thought so, with the statement 
that ‘the atmosphere over the moon is comparable to 
that of the deepest vacuum that could be encountered in 
the laboratories and for many applications it could simply 
be ignored’. The conclusions that have been arrived at 
are, 1) the moon is bone dry 2) it has, if any, a very 
tenuous and delicate atmosphere 3) due to lack of 
collisions, every one of its constituents would feel as if 
the whole near lunar space bound only by gravity is 
exclusively its own or in other words each one of the 
specie could be thought of having its own atmosphere 
occupying the same volume and, 4) the moon could be 


thought of having the so called Surface Boundary 
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Exosphere (SBE) which implies that the lighter species 
could easily escape the gravitational field of the moon 
into free space due to their sheer kinetic energy. 


When it comes to numbers, it is stated that the total mass 
of the native lunar atmosphere is just 100 tons! When 
compared with that of Earth, a mere volume of 50x50x50 
m? of terrestrial air equivalent is all that the moon has in 
total! 
a typical landing module would release 10-20 tons of 
non-native gas into the lunar atmosphere which would 


Obviously it has to be a very fragile system and as 


become a part of the native atmosphere in due course, 
there is a distinct possibility that, in the name of 
exploration, the pristine nature of the lunar ambience has 
already been affected beyond repair! 


Some of the fundamental questions in any exploration of 
moon pertain to the surrounding atmosphere, in addition 
to the origin and formation of the planetary body itself. 
Questions like i) what is the composition? 11) What are 
the variabilities and their causative mechanisms? iii) the 
possible use of radioactive products to infer about the 
interior and iv) detection and transport of volatiles like 
water vapour, if any etc., should be investigated 
thoroughly and as completely as possible. They should 
cover both day (sunlit) and night side. 


In the early stages, stellar occultation techniques were 
employed to see whether the moon has any perceptible 
atmosphere. Later, polarization measurements of the 
scattered light and also attempts to detect any significant 
ionization by Radio Occultation techniques gave, some 
upper limits. Attempts to make in-situ measurements of 
the total pressure using cold cathode gauges revealed that 
the sensors got saturated in the sunlit side and in the anti- 
sunward side there were quite a bit of uncertainty for 
want of composition measurements. The first attempt to 
study the composition of the tenuous lunar atmosphere 
was made during the Apollo -17 mission. A Quadrupole 
based mass spectrometer system was physically placed 
on the lunar surface by the astronauts. One of the most 
sensitive devices of that time, the instrument continually 
showed compositional variations presumably due to the 
degassing from the nearby lander module and also the 
suit worn by the astronauts who were carrying out the 
outside activities. Later, left to itself in the sunlit side, 
the instrument ran into saturation. Though in the anti- 
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sunward side the mass spectra were obtained, the 
composition was always viewed with suspicion and only 
results pertaining to noble gases were considered reliable 
and reported in the literature. With the availability of 
very little data after heavy screening, only some 
The total 
surface pressure was measured to be 10°” torr in the anti- 
sunward side; at least 10°'° times of what one 
encountered on the surface of the Earth! Extrapolating 
these values to the sunward side, one may expect a 


inferences and upper limits could be made. 
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followed up by a series of missions later from the USA 
itself and later by the ones from Japan, China, India and 
once again by USA during the last decade. 


The evolution of CHACE on MIP 

The Indian mission to moon, Chandrayaan-I was 
conceived in the above back drop. The CHACE, 
(Chandra’s Altitudinal Composition Explorer) is an 


experiment on the stand alone micro satellite Moon 
Impact Probe (MIP), mounted on Chandrayaan-I as a 


piggyback (Fig.1). 


The MIP was to be released in the 


outward from MIP. 


pressure of 10°" torr, i-e., two orders larger than the anti- 
sunward side values. |The expected increase in the 
surface pressure is mainly due to the solar heating and 
associated degassing from the lunar surface. If one 
wants to make reliable composition measurements 
including the anti-sunward side, the required capability 
would be to register partial pressures of different species 
in the range of 107° torr: a tall order indeed, demanding a 
very large dynamic range and extremely high sensitivity! 


After Apollo-17 there had been a lull in the lunar 
exploration for nearly two decades. The interest got 
revived with the possibility of water in the poles inferred 


by the Clementine mission of the USA. These were 


Figure 1: The actual photograph of Chandrayaan-I, India’s first space craft to MOON with the Moon Impact 
Probe (MIP), a cuboid shaped micro satellite, mated to the main space craft. 


aie 


The red capped CHACE projects 


lunar orbit and directed to a designated area in the South 
Pole, eventually to have a hard impact on the lunar 
surface. Out of the three experiments on MIP viz., the 
radar altimeter, a visible imaging camera and CHACE, 
the CHACE was a scientific experiment, intended to 
make measurements of the tenuous composition of the 
lunar atmosphere as the probe descended toward the pole. 
This would be the ‘first ever’ attempt to measure the 
composition covering both latitude/ altitude from the 
sunlit portion of the moon. It should be remembered 
that all the earlier attempts were from the locations of 
landing and there are no sunlit side measurements till 
date, other than those given by CHACE. 


Back to Contents 7 


The CHACE was conceived as a ‘one shot’ experiment 
on MIP — to explore the unknown area in the first 
planetary exploration missions of ISRO, by a group of 
people who would be wetting their hands for the first 
time in such a demanding scenario. It was taken up as a 
challenge and an unconventional approach was followed. 
The instrumental specifications were drawn carefully in 
the light of all the available background information. A 
‘state of the art’ commercial residual gas analyzer was 
procured and a space worthy instrument was developed 
centred around that. 


The chosen instrument had an inbuilt Pirani gauge that 
could measure the pressures from Earth’s atmospheric 
pressure level (760 torr) to 10% torr, and a calibrated 
ionization gauge that covered the high and ultrahigh 
vacuum levels (10*- 10"! torr). The mass spectrometer 
itself, once calibrated, could yield partial pressures 
extending to 10°" torr. It could go to such low levels by 
virtue of the electron multiplier based detector. All the 
pressure gauges and the mass analyzer were built as an 
integrated system. Such a combination enabled one to 
have a dynamic range of fourteen orders of magnitude for 
the total pressure and the mass analyzer had a dynamic 
range of seven orders in the partial pressure domain. It 
had a mass range of 1-100 amu with mass resolutions 
better than 0.5 amu in the complete mass range. 


Procuring an instrument having the required specification 
is rather straightforward but making it space worthy is a 
formidable task in its own right. That too, when 
everything needs to be completed within the short 
stipulated time, the magnitude of the challenge gets 
multiplied. The whole exercise starts with the setting up 
a clean ultrahigh vacuum system in which the instrument 
could be tested and its performance evaluated and 
calibrated. The instrument has to pass the stringent tests 
at every stage before qualifying to be flown in a space 
mission. Every test needs to be done at the component 
level with all the non space worthy components getting 
replaced with space worthy components. The instrument 
has to be made to operate through dc-dc converters 
instead of the mains power. One of the most challenging 
tasks had been getting rid of the computer that controls 
the operation of the device through special software 
written for laboratory applications and makes it “stand 
alone’; that too when there is no information available 
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about the software and the way the instrument is 
controlled and operated. The 
continuously exchanging information with the computer 


instrument was 


during its operation. 
sniffing around 


Enormous efforts were put in 
the communication channels and 
decoding the format of the communication. A computer 
was mimicked at one end and a standard set of 
instructions were loaded with the analyzer made to feel 
that it is still talking to the host computer. Data were 
sent to the MIP data console through an interface to be 
further relayed to the main orbiter Chandrayaan-I to be 
forwarded to the Deep Space Network (DSN) on Earth. 


Initially, after completely decoding the logic and 
succeeding in making the Residual Gas Analyzer a ‘stand 
alone’ instrument, the complete package had been 
reworked at the component level before subjecting the 
instrument to the qualification tests. Rigorous laboratory 
tests for performance consistency and thermal cycle test 
in the high vacuum levels for endurance that continued 
for a few days were carried out. 


Finally shock and 
vibration checks for mechanical ruggedness of the 
instrument takes the instrument christened now as 
CHACE to the level of a ‘payload’ ready to be flown 
after integration with the Moon Impact Probe (MIP). 


Figure 2: Artist’s visualization of the separation sequence 
of the MIP as the main space craft moves from the 
northern to the southern hemisphere 


As mentioned earlier, the MIP itself was a micro-satellite 
expected to work on batteries and was conceived as a 
‘one shot’ experiment unlike the main _ orbiter 
Chandrayaan-I that was to be active for a period of ~ 2 
years. The MIP, once integrated with the satellite frame, 
was to be switched on only just before its release towards 
the lunar surface. There was to be a manoeuvre of the 
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Chandrayaan-I space craft before the MIP got released 
from it so that this spinning micro-satellite would orient 
itself properly for photography by the visible imaging 
camera and also for probing by the radar altimeter. The 
inlet of CHACE would also be oriented properly with 
respect to the velocity vector (Fig. 2). 


The operation of CHACE was so planned that a complete 
mass spectrum would be obtained in ~4 sec. This was 
expected to yield ~650 spectra during the whole mission 
of MIP, as a function of altitude/latitude, as it descended 
towards the lunar surface. 


The D-day on November 14" 

The MIP, after all the preliminary checks, 
transported from SPL, Trivandrum to the satellite centre 
to be mated with the main space craft for interface 


was 


checks. Later, both the Chandrayaan-I space craft and 
the MIP were shipped to the launch centre. Nearly three 
months after handing over of the CHACE payload, on 
October 22, during a stormy weather, the work horse of 
ISRO, the PSLV, blasted off with the Chandrayaan-I. A 
text book launch put the satellite in a perfect transfer 
orbit. 
was captured by the moon as planned and was slowly 
lowered to 100 km near circular orbit. On November 
14", the D- day, saw the gathering of all those who were 
a part of the mission in the mission control complex. 
As a part of a mock up before the release of MIP all the 
systems were powered ‘on’ for checking the health of the 


After several orbital manoeuvres the space craft 


different experiments. This mock up exercise lasted for 


a period of ten minutes. Though the mock up exercise 
was carried out in the morning hours, the received data, 
corresponding to different experiments, had to be 
stripped and sent to the different experimenters. To all 
our ecstasy, the CHACE experiment had performed 
extremely well giving literally text book like spectra. 
There was jubilation amongst all the members of the 
CHACE team. 


The final operation was slated for the evening of 14" 
November when the MIP was successfully released from 
the main orbiter Chandrayaan-I and directed towards the 
unexplored and untouched regions over the South Pole. 
Before its release, while still mated to the main lunar- 
craft, the experiments were powered and remained like 
that for the next 20 minutes or so, when the space craft 
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moved from the northern hemisphere to the southern 
hemisphere of the moon. When it reached ~13 deg 
south latitude the MIP was released. 
cuboid MIP with its spin axis making ~40 degrees to the 
velocity vector (Fig. 3) with the CHACE protruding out 
and sampling the lunar ambience every ~4 sec surged 


The spinning 


towards the deep unexplored regions of the moon. 


Ee 


SOMES fon eee Bd eG cri 
The ground projected track of the Moon 


Figure 3: 
Impact Probe 

With the MIP crash landing over the moon symbolically 
placing the Indian Flag (Fig. 4) on the moon's surface, it 
lost contact with the main orbiter, but only after a total 
operation duration of ~45 minutes and in that process 
making history. The CHACE had given excellent data 
all along its track till the last second before impact. 


Figure 4: Symbolic representation of the Indian flag 
painted on one of the surfaces of MIP 
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Total pressure (torr) 


Surprises! 

The raw data were on the table the very next day with a 
host of unexpected results and surprises! The first 
indication had been detection of significant amount of 
water (H,O) and Carbon-di-oxide (CO2) standing out as 
the most prominent species. Along with these two, a 
variety of gaseous species also stood out prominently. 
The overall total pressures in the range of 10” torr, at 
least two orders of magnitude larger than anticipated 
based on earlier Apollo results raised our eyebrows (Fig. 
5)! 


xX 107 
10 


20 30 40 50 60 70 80 90 
Lunar Latitude (degree S) 

Figure 5: CHACE indicates the total surface pressure on 
the moon to be in the range of 10” torr 

All the care it needs... 

With the results bound to have far reaching 
consequences, a very systematic analysis was planned 
and carried out before convincing ourselves on what is 
seen as lunar atmospheric composition. Before the data 
from an instrument like CHACE becomes usable, several 
corrections have to be applied. It should also be kept in 
mind that any mass spectrometer is a relative intensity 
measuring device giving information on ‘what’ is present 
and in relative sense ‘how much’ of it is present. In 
order to get absolute number densities, it needs to be 
calibrated along with a standard, calibrated pressure 
gauge. Before normalising the sum of all the measured 
constituent gases with the measured total pressure, 
certain corrections to the individual peaks needs to be 
applied. The quadrupole mass filter itself is known to 
have some sort of mass discrimination. This implies that 


the efficiency of separating lighter and heavier species 
does not remain the same all through the mass range. 
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This factor, known as Quadrupole Mass Discrimination 
(QMD) factor needs to be taken into account. Organic 
compounds that have masses of species covering the 
complete mass range and whose relative concentration of 
the different masses is very well known is used for 
determining the QMD. 
multiplier at the detector stage also responds differently 
with different masses. By using the combination of a 


Further, the electron channel 


direct Farady cup collector and monitoring the output 
through the electron multiplier, the variation of the gain 
factor (EMG) with the incident mass number has to be 
evolved experimentally. After due corrections like the 
QMD and EMG, the sum of all the peaks are normalised 
to the total pressure indicated by the inbuilt ionization 
gauge. The mass spectrum now gives the different 
masses and their partial pressures. A small correction to 
the ionization gauge values also needs to be applied 
before normalization as the ultimate pressure readings 
vary with the dominant gaseous species. In the 
laboratory and in actual conditions in deep space or for 
that matter in different planetary atmospheres, the 
correction factor would change depending upon the 
dominant species. The previous missions by others 
suffered for want of compositional data. Since the 
ionization gauge in CHACE is an integral part of the 
whole system, the mass analyzer yields the nature of the 
dominant species and the mass ratio with molecular 
nitrogen gives the correction factor. After all the above 
signal processing, finally the mass spectrum stared at us 
with very strong signatures of HO (18 amu) and CO, (44 
amu) as the dominant species! 


The first reaction would be that these are instrument 
contamination released within due to out gassing from 
the instrument or from the satellite system of which 
CHACE is a part. A mammoth task of eliminating all 
the uncertainties and possibilities became the foremost 
task. Setting forth a target like i) there are no artefacts, 
ii) no contamination effect, iii) not due to external 
sporadic activities and iv) not associated with instrument 
performance like stabilization etc become imminent. 
Not one of them could be taken lightly in viewt of the 
totally unanticipated revelation by CHACE. 


Every bit of the material that has gone into the making of 
the CHACE instrument and also the micro-satellite MIP 
in particular, and also the main orbiter Chandrayaan-I has 
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to be characterised from degassing point of view. This 
study has to be carried out in ultra high vacuum 
conditions and preferably at elevated temperatures at 
around 250 °C. The distinct characteristic features if 
any has to be noted down and looked for in the spectra 
Also, the spectra had 
to be critically looked into along with the extra activities 
like the satellite manoeuvres and also de-boost motor 


obtained from the lunar ambience. 


firing which would eventually decelerate the MIP so that 
it gets hurled towards the polar region from its stable 
circum-lunar orbit. Though the de-boost motor was 
fired only for a couple of seconds the exhaust from the 
same might still show up in the obtained spectra. 
Interestingly, the spectra obtained before, during and 
after de-boost motor firing remained identical indicating 


no effect of this extra 
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pressure near the gauge inlet area as the instrument is 
exposed to outside ambience with infinite pumping 
capacity and no amount of degassing could sustain a 
pressure difference of 3 orders of magnitude. The above 
statement is purely based on logic and independent 
experimental confirmation would be needed for the 
ambient pressure to be really two orders of magnitude 
larger than anticipated. _It could be verified by closely 
monitoring some of the instrument parameters. One of 
them is the emission current from the ion source which 
ionizes the ambient gas for mass analysis and also for 
estimating the ambient pressure. When quantitative 
measurements are to be made, it becomes mandatory for 
the emission current to be maintained constant through a 
closed loop mechanism. Under extreme vacuum 


Lab. simulation data : 2.1E-5 torr 


Lab. simulation data : 8E-8 torr 


Mission data 


activity. Thus it could be a 
concluded that the ae 
propellant buring and Be 
gaseous components while S 200 
it burnt did least effecton J fae 
the measured composition. & eo 
This is mainly due to the 2 ,.¢, 
orientation of the CHACE 5 a6 
inlet in the opposite E 1.75 
direction and the MIP tw 479 
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the exhaust of the rocket 1.60 
motor. 1.55 
1.50 
Further, the spectra did not 0 1000 
reveal any of the 
characteristic or 
‘signature’ peaks 
corresponding to the P24” eters: 


different materials used in 

the satellite and the probe itself. | This could happen 
only when the ambient pressure remains higher than the 
saturated vapour pressure of the materials, which lay in 
the range of 10°’ to 10° torr. The total ambient pressure 
revealed by the ionization gauge stood in the range of 10° 
’ torr is vindicated by the absence of signature peaks. 
This is a mind boggling result when one had anticipated 
pressures in the range of 107° torr based on the earlier 


Apollo measurements! It is practically not possible that 


the instrument degassing, if any, could have built up the 


Lab. simulation data : 1E-8 torr 
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Figure 6: Independent confirmation from laboratory studies based on one of the instrument 


conditions the instrument has a finite time constant to 
reach the level of required stability. As expected, the 
time taken by the system varies with the ambient 
pressure. The monitored emission current from CHACE 
revealed that the instrument had taken around 20 minutes 
to stabilize and this time corresponds to an ambient 
pressure in the range of 10” torr (Fig. 6)- a major finding 
in itself. Once the pressures are this high then the 
degassing from the components and the satellite become 
less or are of no significance - another major conclusion. 
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Other significant results: As mentioned earlier a total of 
650 spectra were obtained from CHACE before its 
impact on the lunar surface. The major constituents 
could be grouped around 18, 28, and 44 amu. There are 
clear cut clusters of species centred around 85 and 95 
amu as well (Fig. 7a) wherein the dominance of CO, 
followed by H,0 could be clearly seen. As one moved 
toward the pole, H,O picked up and became the dominant 
constituent (Fig. 7b). 
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Figure 7a and 7b: Sample spectra highlighting the 
dominance of CO, and HO 


These results indicate 
the first ‘direct detection of H,O’ in the lunar ambience 


This trend continued till impact. 


through in-situ measurements - a major discovery. 
Variation of the partial pressure of H,O with latitude 
(Fig. 8) shows that it maximises in the latitude region of 
60 to 75 deg S, complementing the inferences made by 
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Figure 8: Latitudinal distribution of H,O highlighted with 
reference to the inferences made by the Moon Mineralogy 
Mapper experiment on the orbiter 


the Moon Mineralogy Mapper (M’) experiment on 
Chandrayaan-I for water ice. 


In the lunar ambience water ice directly sublimates to 
water vapour without going through the intermediate 
phase of liquid water mainly due to the low pressure 
and temperature (Fig. 9). Since only water ice could 
be the source of ambient water vapour, when the 
concentration of water in one phase increased, it has to 
be at the cost of its concentration in the other phase. 
From this point of view, it could be said that the 
inferences on water from M? experiment should 
complement the direct detection of water by CHACE 
(Fig. 8). 
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Figure 9: Phase diagram of H,O and the sublimation 
properties of water-ice 
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Further inferences from CHACE data 

The lunar surface is known to have a steep temperature 
gradient as one moves across the latitude from the 
equator to the poles. Dayside equatorial temperature has 
been estimated to be ~400K and the polar region could be 
as low as 150K. 
when one encounters a Surface Bounded Exosphere 
(SBE) as in the case of the moon, directly dictates the 
altitude distribution of the ambient species. As CHACE 
descended towards the lunar surface, it was traversing in 


The surface temperature, especially 


latitude as well. 
instances have embedded in them the altitude as well as 
the latitudinal variation. Unless the effect of one of 
them is removed the variation due the other cannot be 
obtained. The CHACE data themselves were utilised in 
retrieving the neutral temperature by monitoring one of 
the noble gases viz., Argon(36). By taking the 
equatorial temperature to be at 400 K and the “Ar 
densities at 100 km as the reference, the variation in 
concentration as the MIP descended have been converted 


The spectra obtained at different 


to surface temperatures. The latitudinal temperature 
profile thus obtained (Fig. 10) compared well with the 
independently estimated values using spectroscopic 


methods by other workers in the field. 


Lunar Surface Temperature Profile using the cosine model based on 
experimental data: The equatorial temperature is assumed to be 400 K 


r, =T - [a + (I[-a)cos | The parameter a has been 
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Figure 10: Latitudinal variation of Lunar surface 


temperature as inferred from the CHACE 
measurements. Lambda is latitude. 


A Cosine function of the form has been worked out. 


Ti= Teg [ a +(1 —a) COSA] 
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where, T, represents the neutral temperature at any 
latitude 2 and a had been experimentally found to be 
0.38. One of the important points is, for the given 
temperature distribution, in the absence of any external 
forcing and purely by thermal kinetic energy point of 
view, only the lightest of the species viz., Hydorgen 
would have enough kinetic energy to overcome the 
gravitational pull of the moon (escape velocity of 2.3km 
/sec). This implies that the moon, in spite of its low 
gravitational pull, would still be able to support an 
atmosphere. 


The discovery of water in moon by experiments like 
CHACE, Moon Mineralogy Mapper, mini Sythetic 
Aperture Radar (mini SAR- another experiment in 
Chandrayaan-I), followed by the Lunar reconnaissance 
orbiter (LRO) and LCROSS (and now many other 
missions confirm the findings!) is considered to be a 
major mile stone. The scientific importance lies in the 
fact that water ice could represent pristine cometary 
material giving clues to the origin of the solar system. 
Also detailed analysis of the water-ice may give clues to 
constrain models of impacts on the moon, meteorite 
gardening, photo-dissociation and solar wind sputtering. 
Water discovery has enormous application potential as 
well; like for instance, its use in human exploration. It 
could be synthesized to get the life supporting oxygen 
and the hydrogen could be used as fuel. As Paul Spudis, 
one of the PIs of mini SAR experiment in Chandrayyan-I 
put it succinctly ‘ice deposits in moon could be 
considered as one of the most valuable pieces of real 
estate in our solar system’ — not an exaggeration at all! 
If at all water ice has to be found, it could be located only 
in the polar regions that too inside some deep and 
permanently shadowed regions as, in other locations, the 
prevalent ultra-high vacuum conditions and high 
temperatures would not preserve it. With the several 
earlier attempts failing to give any clinching evidence, 
and their results are 


Chandrayaan-I’s_ experiments 


considered unique and path breaking. 


The CHACE continues 

Having made the direct detection of water and showing 
that the moon too has a CO, dominant atmosphere at an 
ambient pressure level of 107 — 10° torr, it is now 
hypothesised that it is not the pressure in the sunlit side 
that is larger by more than two orders of magnitude than 
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anticipated, but it could be the anti-sunward side 
pressures measured during the Apollo mission that were 
lower than what should have been! It is known that the 
dayside inferences were made based on the night time 
measurements. A slippage by two orders of magnitude 
there would directly affect the sunward side estimates. It 
is also known that the lunar regolith is powdery in nature 
— some sort of fine dust that is continually getting baked 
during the course of a lunar cycle due to the large 
temperature variation, that too under ultra high vacuum 
conditions. Such fine dust provides large surface area and 
when any region slips from the hot day side to the cold 
night side, the ‘activated’ dust would start adsorbing the 
ambient gas more like a sorption pump where the 
molecular sieves adsorb the gases when cooled to liquid 
nitrogen temperatures. Reduction of the ambient 
pressure by two orders of magnitude could easily be 
accomplished by this process. It should be kept in mind 
that the situation is somewhat dynamic in nature. 

One of the direct means of verifying the above 
hypothesis would be to fly CHACE in an oribter and look 
for sudden transitions in the pressure as the probe moves 
from the day to the night side. Chandrayaan-lII, India’s 
second mission to moon would be carrying CHACE II in 
the orbiter. 


Another significance of composition measurements that 
comes out explicitly from CHACE experience is to be 
Age(Gy)=3.778-4.064exp(-ratio/3.778) 
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Figure 11: The antiquity (age) factor as determined from the 


ratio. Significant differences between the northern and 
southern hemispheres could be seen. 
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able to infer what could be happening in the lunar interior 
from the atmospheric composition measurements. 


The composition measurements directly correspond to 
the region below due to the moon having the surface 
boundary exosphere (SBE). By concentrating on the 
ratio of “Ar and *°Ar (amu) wherein the former (*°Ar) is 
a decay product of radiogenic activity in the lunar interior 
(“°K decaying to “’Ar) while the latter (°Ar) is believed 
to be of solar wind origin, one could get some clues on 
the antiquity of the lunar interior (Fig.11). 


Their ratio and its variation along the path of the MIP 
would correspond to the variation of the radiogenic 
activity along the ground track. The ground track of MIP 
incidentally overlapped the periphery of the KREEP 
region which is rich in radiogenic activity (Fig.3). The 
above ratio has also been used to get the antiquity (age) 
of the region. Distinct differences between the northern 
and southern hemispheres have also been identified (Fig. 
11). Complementary data from another Indian 
experiment viz., Lunar Laser Ranging instrument (LLRI) 
in Chandrayaan-I indicated possible relation between the 
lunar topology and the measured number densities of 
“Ar (Fig. 12). 
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Figure 12: Possible relation between the “Ar concentration 
and the Lunar surface topography 


These results highlight how a simple experiment could 
yield important results in an exploratory study and are 
essentially up to the imagination of the user. It is 
important to note that many of the findings of CHACE, 
which are first of their kind, have to be reconfirmed by 
systematic follow up studies. The CHACE’s voyage this 
far itself could be considered remarkable and is an 
outcome of thinking differently and taking up an 
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unconventional approach by a dedicated team of people. 
The right type of encouragement and support, the 
indomitable spirit of ‘never say die’, the courage to stand 
up against all odds, the capacity to withstand the pressure 
and the spirit of adventure, enabled the realization of 
CHACE which now could be said to have set up a bench 
mark. CHACE has successfully sniffed and sensed the 
fragrance of moon! 


The story of CHACE is not complete and it still holds 
several secrets hidden in the data and the CHAC(S)E 
could still be said to be ‘on’. 


Based on the success, CHACE II with an extended mass 
range for Chandrayaan-II and MENCA (Martian 
Exosphere Neutral Composition Analyzer) — another 
avatar (re-incarnation) of CHACE but tailor made for 
Martian exploration are currently under development. 
One of the quotable quotes, ‘It is the best possible time to 
be in when almost everything you thought you knew turns 
out to be wrong or deficient and there are enough 
opportunities to explore’......... Planetary exploration is 
no exception. The last five decades had moved us from 
planetary ignorance to planetary knowledge and this brief 
period in the history of evolution could be treated as very 
special to the future (?) explorers of our universe! 
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Lonar_ impact crater, India: Implications for 


impact cratering on planetary basaltic crust 


The Lonar impact crater (19°58’N, 76°31'E) of 
Maharashtra state, India (Fig. 1), is one of the few 
known terrestrial impact craters emplaced on basaltic 
targets. Belonging to Deccan trap of Cretaceous age 


(~65+0.9 Ma), it is a simple, bowl-shaped, near-circular 
impact crater with N-S axis of approx. 1830 m and an E- 
W axis of approx. 1790 m. Other known terrestrial 
impact craters in basaltic targets include the recently 
discovered Vista Alegre and Vargeaéo dome on the 
Parana flood basalt (~133-132 Ma), Brazil and the 
Logancha crater in eastern Siberia, Russia. 


Precise radiometric age by ““Ar/*’Ar technique suggests 


that the Lonar crater was formed at 570+47 ka ago due to 
a hypervelocity impact (Jourdan et al., 2011). A 
chondritic asteroid probably struck the deccan flood 
basalt from the east at an angle between ~30° and ~45° to 
the horizon. The total duration of the shock event 
resulting in shock melting at the Lonar crater lasted 
approx. | second, and the impact stress branched out into 
major northwest and southwest components in the 
downrange just after the impact. 


The Lonar crater has been studied intensively using 
various approaches, including structural and strain 
analyses, geochemistry, rock magnetic properties, 
geophysical and paleomagnetic studies and spectroscopic 
studies of shocked basalts during the last decade (Arif et 
al., 2012 and references therein). In fact, it is a unique 
terrestrial analogue for the large number of craters in 
basaltic crusts on the surfaces of the Moon, Mars, Venus, 
Mercury and other planetary bodies (e.g. Asteroids) in 
our solar system and, therefore, further studies on this 
crater appeal planetary significance. 


Geology of Lonar crater 

The target rocks at the Lonar crater include sub 
horizontal Deccan Trap basalt flows that overlie the older 
Precambrian basement with a thickness greater than 350 
m. Altogether, six basalt flows of approximately 8-40 m 
thickness have been identified in and around the Lonar 
crater, of which, four bottom flows are only exposed 
along the crater wall. The nature of flows described 
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earlier was a’a type except the bottom one as pahoehoe 
type, though revised observations argue in favour of 
pahoehoe type for all flows. Flows are often separated 
from one another by discontinuous marker horizons like 
red and green paleosols, chilled and vesicular margins, 
and vugs filled with secondary minerals. All the basalt 
flows generally share a common mineralogy and texture 
except some minor petrographic differences in the 
abundance of plagioclase phenocrysts, glass, and opaque 
minerals, e.g. ilmenite and titanomagnetite. The 
porphyritic basalts contain occasional phenocrysts of 
plagioclase (labradorite) and rare olivine set in a 
groundmass of plagioclase, augite, pigeonite, 
titanomagnetite, palagonite, and secondary minerals, 
such as calcite, zeolite, chlorite, serpentine, and 
chlorophaeite. Unshocked Lonar basalts show typical 
intergranular texture where intergranular space within 
framework plagioclase is occupied by pyroxene (Fig. 2). 


The major elemental composition of the Lonar target 
basalt is given in Table 1. Target rocks at Lonar crater 
characteristically show an iron enrichment trend due to 
fractional crystallization and the overall chemistry is 
similar to martian basalt, which also inhibits higher Fe 


along with lesser Al content. Therefore, Lonar basalt 
could be a likely candidate as terrestrial analogue for 


ASTER image of Lonar crater, India showing distribution of 
proximal and distal ejecta (image courtesy: NASA/ GSFC/ METI /ERSDAC 
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martian basalts and needs further study. 
Future in-situ measurements of martian 
rocky provide a 
comprehensive crustal composition and 
can be compared with the Lonar basalt. 


surface may 


The Lonar crater has a circularity index 
of ~0.95 and a depth of ~150 m. All 
around its circumference, except for a 
small sector in the NE, there is a 
continuous rim raised ~30 m above the 
adjacent plains, whereas the crater floor 
lies ~90 m below the _ pre-impact 
surface. The rim is surrounded in all the 
directions by a continuous ejecta 
blanket that extends outward with a 
gentle slope of 2-6° to an average 
distance of ~700 m from the crater rim, 


4 


except to the west where it extends for 
little more than a kilometer. The interior 
of the crater is occupied by a shallow 
saline lake; below the lake water a sequence of ~100 m 
thick unconsolidated sediment overlies the base of the 
crater which is made up of highly weathered and 
fractured Deccan Trap basalt. About 700 m north of the 


Sow oe | 


Figure 2: Backscattered electron (BSE) image of 


basalt. 
show 


unshocked Lonar 

clinopyroxene (Cpx) 
rim, there is another relatively shallow depression known 
as the Little Lonar (Fig. 1), with a diameter of ~300 m; 
however, drilling into the structure revealed no evidence 


Plagioclase (Pl) and 
intergranular texture. 


of impact. Hence, origin of Little Lonar is not fully 
understood yet. 
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Table 1. Comparative composition of Target basalt, Impact- 
melt bomb and Sub-mm spherules from Lonar crater, India 


Unaltered Impact- Sub-mm 

Lonar melt bomb' sized 

basalt! spherules” 
No. of samples 16 7 18 
No. of analyses 36 
Wt% 
SiO, 47.82 50.15 48.27 
TiO; 2.26 2.26 2.32 
ALO; 12.96 13.52 13.67 
FeO; 14.22 13.85 15.29 
MnO 0.19 0.21 0.24 
MgO 6.07 5.67 6.85 
CaO 9.87 9.47 9.24 
Na,O 3.00 1.98 1.80 
K,0 0.38 0.67 0.33 
P20; 0.27 0.30 0.07 
Total 97.04 98.08 98.08 
Mg# 0.43 0.42 0.44 
ppm 

Cr 117 128 313 

Co 48 45 115 
Ni 90 84 1296 
Cu 220 193 na 
Zn 131 133 211 


1. Osae et al., 2005 

2. Misra et al., 2009 

Mg# mole Mg/mole (Mg+Fe’’), bdl: below detection 
limit, na: not analyzed. 


Type of Impactite and Shocked basalts 

The impact glass and similar glass- like objects around 
Lonar crater were classified into two fundamental 
petrographic classes. 

that include mm-sized impact-spherules (type ‘a’ 
subclass) and cm-sized (<1 to 30 cm) impact-melt bombs 
(type ‘c’ subclass), are undoubtedly the products of 
impact. Both of them show very restricted occurrences 
preferably outside the crater rim within the ejecta 
blanket. The class II glasses that closely resemble to 
impact- produced objects raise uncertainty to consider as 


Out of these two, class I glasses 


the impact glass and could be anthropogenic in nature. 


Recent investigations, however, discover two additional 
varieties of impact-spherules: (1) sub-mm sized spherules 
with schlieren structure which is defined by tiny dendritic 


and octahedral shaped magnetite crystals and contain 
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significant proportions (~12-20%) of chondritic impactor 
component whereas mm-sized spherules lack any 
chondritic component; (2) the other variety of spherules 
are also sub-mm in size with cores comprising of ash- 
sized mineral grains, shocked basalt or solidified melts 
and adhering rims with ash-sized mineral grains. The 
large impact melt bombs (type ‘c’) are black or brown in 
colour, transparent in nature, and exhibit schilieren and 
flow structures under the microscope; the presence of 
unmelted fragments of basalt, clinopyroxene, plagioclase 
and crystals of magnetite were also observed within these 


impact-melts (Fig. 3). 


BSE image of Lonar impact-melt bomb 
showing the schlieren (Sch) of tiny magnetite. Relict 
plagioclase (Plag), clinopyroxene (Cpx), magnetite (Mgt) 
along with glassy (Gl) matrix are also noticed. 


Figure 3: 


The Lonar impact-melt bomb and mm-sized spherules, in 
general, show target basalt dominated bulk chemistry, 
except the characteristic depletion in Na,O (on average 
~0.8 times for bomb and 0.6 times for spherules) (Table 
1). The impact-melt bombs are further depleted in Fe.03; 
(~0.9 times) compared to the target basalts on an average. 
The sub-mm sized impact-spherules show relative 
enrichment in Fe,03 (> ~1.03 times) and depletion in 
PO; (< 0.4 times), and show higher abundances in Cr 
(~2.5 times), Co (~6 times) and Ni (~13 times) compared 
to the average target basalt, whereas Co is the only 
transitional metal found in high proportions (~5 times) 
within the mm-sized spherules. The impact-spherules 
have further shown significant variations in Cu (~25 to 
400 ppm) and Zn (~10-350 ppm) rather than their 
uniform distribution in the target basalt (~220 and 130 
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ppm respectively). In addition, both types of impact- 
spherules are highly enriched in Pb (~5 to 150 times) 
over the unshocked target basalt. Thus, possibilities of 
incorporation of volatile elements (Cu, Zn, Pb) from the 
impactor can’t be ruled out. 


The Lonar impact spherules are mostly homogenous 
unlike the heterogeneous Lunar impact spherules. Based 
on the study over 390 Lunar impact spherules, Delano 
and Levi (1981) suggested low Mg/AI ratios between 0.5 
and 1.2 with an average of 0.75 which is an important 
criterion to discriminate the spherules from those of 
volcanic origin (~300% higher than the former). Further, 
Levine et al. (2005) analyzed 81 samples from Apollo-12 
soil samples (#12023) and explained that most of these 
spherules were generated by asteroid impacts during the 
last 500 Ma. The estimated Mg/AI ratios (based on 
Mg/Ca and Al/Ca data) of these lunar impact spherules 
are ~1.01. However, the Mg/AI ratios of the Lonar 
impact spherules, impact melt and target basalt are 0.44, 
0.43 and 0.51 respectively. Therefore, terrestrial basaltic 
impact spherules have characteristically low Mg/AI ratio 
as compared to those of the lunar impact spherules. 
Further, the 
homogeneous in their chemical compositions (mainly 
dominated by target basalt composition) compared to 


Lonar impact spherules are mainly 


their Lunar counterpart. Lonar shocked basalts are 
available mainly in the upper layer of the ejecta or in the 
drill core samples from the crater floor and often they are 
indistinguishable with unshocked basalts except that the 
former inhibits distinctive weathering style. The effects 
of shock on the Lonar target basalt are experimentally 
well studied based on mineralogical, textural and 
chemical characteristics of plagioclase and clinopyroxene 
(Keiffer et al., 1976). Based on their studies, the Lonar 
target can be classified into five classes depending on the 
increasing shock effects: 
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vesiculated glass, pyroxene 
fractured 
Plagioclase 


Vv >80 and pyroxene 


completely melted 


Class Shock Brief Petrography 
Pressure (GPa) 

I <20 Grains are fractured 

II 20-40 Plagioclase transformed to 
maskelynite 

Il 40-60 Plagioclase transformed to 
glass of plagioclase 
composition 

IV 60-80 Plagioclase converted to 


Studies on the Lonar maskelynite imply they are 
colourless, isotropic, having planar features and mineral 
composition suggest that there is no substantial chemical 
fractionation due to shock (Fig. 4). Shocked Lonar basalt 
thus can be useful terrestrial analogue to Martian 


meteorites, Achondritic meteorites like Eucrites or even 
the shocked Lunar basalt. 


Figure 4: BSE image of Lonar maskelynite. Note the 
typical characteristics fractures. Fracturted clinopyroxene 
(Cpx) and magnetite (Mgt) are also seen. 


Aqueous or hydrothermal alteration 

Hypervelocity impact processes due its high shock 
pressure and temperature is good enough to heat any 
ground water-bearing target and capable of initiating a 
hydrothermal fluid circulation system (see Naumov 2002 
for a review). The evidences of impact-induced 
hydrothermal processes have been described at over sixty 
terrestrial impact craters though only a few of them have 
been studied in detail based on mineralogical, 
geochemical, fluid inclusion and stable isotopic studies. 
Based on the data available from well studied impact 
structures, the terrestrial craters with diameter larger than 
1.8 km have at least some signatures of aqueous or 
hydrothermal alterations. Possible evidence of limited 
hydrothermal alteration (based on replacement textures 
and multiple generation of hydrothermal carbonate 
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growth) were observed by Hagerty and Newsom (2003) 
on drill core samples from the Lonar crater floor and 
suggested the alteration temperature of basalt as 130- 
200°C. However, evidences of high temperature 
hydrothermal alteration is still elusive at Lonar based on 
geochemical studies either from ejecta blanket or basalts 
from the crater wall. The geochemical studies on bulk 
ejecta revealed mobility of calcium in the form of caliche 
at the base of the ejecta. Indicator elements relevant to 
the hydrothermal alteration are still lacking at Lonar. 


Based on extensive geochemical studies on Lonar 
impact-melt and target basalts, Osae et al (2005) showed 
that the effect of large-scale weathering on the impactites 
of the Lonar crater was minimal. However, marginal 
elevations of As, Zn, Sb and Br in impactite over the 
target basalt are readily explained due to local 
weathering. Further, restricted range of variation of 
highly mobile U along with absence of Eu and Ce 
anomalies in the Lonar impactite argue against any 
extensive hydrothermal or aqueous alteration. On the 
other hand, recent study shows that there are 
considerable geochemical variations (in K, Ba, Sr, La, Y 
and Zr) in altered basalt flows at the base of the Lonar 
crater wall and this alteration could be due to interaction 
of target-basalt with any impact-induced hot 
hydrothermal fluid having temperature >350°C (Fig. 5). 
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Further studies are needed to prove this hypothesis. 


Phyllosilicate formation at terrestrial craters also has 
direct implications on Martian crater in order to 
understand the alteration processes. Recent discovery of 
phyllosilicates by remotely sensed data along the crater 
wall and central peak of Noachian Martian craters has 
been described for their possible origin either by 
hydrothermal alteration or ambient alteration. Thus the 
exact nature of alteration processes in impact craters 
among the other planetary bodies can only be verified by 
renewed examination of terrestrial craters of similar size. 
Enrichment of Zn and Br are also found in Martian soil 
especially on the walls of trenches on the Gusev plains 
and within the Clovis class of rocks. The enrichment of 
Br in Lonar impactite is also not well understood yet. 
Future studies will definitely help to better constrain this 
issue. 


Future Scope 

Impact cratering is one of the fundamental physico- 
chemical processes that could be related to accretionary 
processes of planetesimals and a principal agent shaping 
the surfaces of all planetary bodies. Cratering processes 
may also be related to the genesis of major ore deposits 
and changes in biosphere evolution and environmental 
degradation. Till date, one hundred and eighty three 
impact structures are recognized on the Earth (Earth 


Database, late 


1.5- Impact 
n=4 2012;http://www.unb.ca/passc/ 
ImpactDatabase) and many more 
1.4 1 awaits discovery in years to come. In 
= oe oe ee ee Oe ee A India, the Lonar crater and Dhala 
8 1.35 structure are the two confirmed 
cx impact structures as on date. The 
8 1.24 Be K Nt | Lonar impact crater distinctively 
a deserves special attention owing to 
: 1.14 its unique features. The new impact 
= age as obtained by “Ar/?Ar 
technique is relatively older than the 
1.0; ages previously determined by other 
techniques. Therefore, it is necessary 
0.9+ r r T ’ T T ’ ’ to reassess the processes related to 
Ba K Nb La Sr Nd P Zr Ti Y impact and post-impact 
Figure 5: Spidergram showing relative enrichment of incompatible trace modifications in and around the 


elements in average (n=4) Lonar altered basalt. The relative variations (SD%) in 


abundance of elements are also shown in inset. 


Lonar crater. Additionally, the Lonar 
crater is one of the best terrestrial 
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analog site to interpret the remotely sensed data 
applicable to the impact induced surface-modification 
processes viz. distribution of impact ejecta and their 
emplacement processes on the terrestrial planets like 
Mars. 
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Enigmatic Asteroids: "A Hit and a Miss" in this 
living era 


Introduction 

On Feb. 15", 2013, an asteroid 2012 DA14 of ~44 m size 
has whizzed past earth, at a distance closer than an 
orbiting geostationary satellite. Of course, this object was 
under close surveillance, and as expected, it missed the 
Earth. A few hours prior to the ‘miss’ by 2012 DA14 
another meteoroid of size ~17 m has hit an icy lake 
nearby Chelyabinsk, Russia. The blast due to the traverse 
of this meteoroid not only terrified the local populace but 
has also caused destruction to several buildings and 
injuries to about 1200 people. Initially, this meteorite was 
confused to be 2012 DA14 (or a breakaway part of it), 
but later realised as an independent meteoroid. These 
twin incidents of ‘a hit and a miss’ by rouge asteroids, 
within few hours state how destructive they could be and 
warrants their monitoring for timely reaction to prevent 
loss of life on Earth. When meteoroids enter Earth’s 
atmosphere, almost 90% of their mass gets ablated due to 
high friction, therefore most meteoroids could not make 
it to the earth’s surface. However, bigger meteoroids do 
survive their violent entry to earth and the remnant mass 
is known as meteorite. Therefore, meteorites are valuable 
samples from asteroids, which can be used to understand 
the origin and evolution of our solar system. But, super- 
sized meteoroids hitting the Earth at cosmic velocities 
can cause wide spread devastation. In this article, we 
trace the past asteroid hits, which were disastrous and 
stress the need for monitoring such rouge meteoroids. 


What are asteroids? 

The everlasting sighting of asteroids continued from 
middle of eighteenth century. The important question is; 
"What is an asteroid"? You would have often heard the 
term "asteroid belt". Well, it is more like an "asteroid 
storm". Asteroid belt is the field or the region occupied 
by asteroids, which falls roughly in between Mars and 
Jupiter (Fig. 1). The belt is composed of rocky objects 
sized from few meters to several kilometres. These 
objects are known as asteroids and the number of 
discovered asteroids (diameter larger than a kilometre) 
between Mars and Jupiter is over 750,000. The asteroids 
can be described more scientifically as "the remnant of 
the original building blocks remained after the formation 
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of planets in the solar system". Each has a unique history 
to unravel, that begins at the time of formation of our 
own planet and the entire solar system. They contain 
pristine records of the conditions that existed in our solar 
nebula some 4.6 G.y. ago. However, the asteroids 
experience numerous collisional, thermal, and dynamical 
events that reshape their physical and orbital properties. 
Interpreting the preserved records through observations, 
laboratory studies, and theoretical/numerical modelling 
provide enormous information about evolution of our 
solar system including the most intriguing question about 
the origin of life. 

Most asteroids orbit 
the Sun in a belt about 


1.5 AU wide between the 
orbits of Mars and Jupiter. 


Pallas 


Jupiter 
Figure 1: Cartoon depicting existence of an asteroid belt 
between Mars and Jupiter. Image source: spot.pcc.edu 


How an asteroid could hit Earth? 

The asteroid belt, comprising of millions of asteroids, 
forms a vast, donut-shaped ring, which sometime tends to 
nudge asteroids out of its orbit. It is widely accepted that 
Jupiter's massive gravity and occasional close encounters 
with Mars or another object changes the asteroids orbit, 
knocking them out of the main belt and hurling them into 
space in both directions towards or away from the Sun, 
across the orbits of the planets. Where these asteroids go 
after ejection from asteroid belt? These asteroids either 
end up in the inner solar system, where they eventually 
collide with the inner planets (including Earth)/the Sun or 
leave the solar system roaming in the black gulfs of 
interstellar space. Some of the ejected bodies, however, 
found new homes in the outer solar system, as Jupiter's 
gravity forced them into a belt of material lying beyond 
the orbits of the other three giant planets—Saturn, 
Uranus, and Neptune. 
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How massive are asteroids? 

The estimated mass of entire asteroid belt may be less 
than 1/1000" of the mass of the Earth (i.e., 6 x 10™ kg). 
Indeed, if all asteroids down to the size of meter- or less 
were combined together, the resulting object would 
measure less than 1,300 to 1,500 km across, which is 
even less than one half the diameter of the Earth's Moon. 
The more representative asteroids known to be of bigger 
size are Ceres, 4 Vesta, 2 Pallas, and 10 Hygiea (an 
example is shown in Fig. 2). Among the massive ones, 
Ceres and Vesta are large when compared with Hebe, 
Eros and Daphne. They have mean diameters of more 
than 400 km, wherein 'Ceres', the main belt only dwarf's 
planet, extends upto 1030 km in diameter. Among the 
smaller asteroids, one of them, named 1991 BA, is of 
only 20 feet in diameter. 


Gaspra Eros 
(12 mi) (21 mi) 


Ceres 


Vesta (597 mi) 


(329 mi) 


Figure 2: An idea of different shape and size of asteroids 
Image source: www4.nau.edu 


From the eye of astronomers 

An impact by a large comet or asteroid on Earth has 
enough capabilities to end the civilization in a single 
gust. For evaluating the threats posed by these near earth 
objects (NEOs) and relating it to our everyday life, it is 
essential to have a long-term view of their trajectories 
before they enter into our earth's atmosphere. The 
detailed studies of these NEOs have helped us in 
understanding significant facts about birth of our solar 
system, often serving as way stations for development of 
future space exploration. The clues that have been 
provided by NEOs for the evolution of life on earth and 
the delivery of life supporting elements (e.g., organic 
matter) to earth are amongst their most noteworthy 
contributions to our understanding of the origins of life. 
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With an average interval of about 100 years, rocky or 
iron asteroids larger than about 50 meters would be 
expected to hit the Earth and could cause local disasters 
or produce the tidal waves that can inundate low-lying 
coastal areas. One of the asteroids that pitched into our 
planet sixty five million years ago is believed to be the 
cause of extinction of dinosaurs on Earth. On an average 
of every few hundred thousand years or so, asteroids 
larger than a kilometre size could cause global disasters. 
In this case, the impact debris would spread throughout 
the Earth's atmosphere so that the plant life would suffer 
from acid rain, partial blocking of sunlight and from the 
firestorms resulting from heated impact debris raining 
back to the Earth's surface. Since their orbital paths often 
cross that of the Earth, collisions with NEOs have 
occurred in the past. It therefore seems prudent to 
identify and study such larger objects, to characterize 
their sizes, compositions and structures and to keep an 
eye on their orbits to estimate future trajectories. 


Today, there are several NEO discovery teams either in 
operation or in the planning stages. NASA coordinates 
the majority of the working teams that comprises of more 
than hundred astronomers. Their combined efforts for 
tracking and studying NEOs have made it achievable that 
possibilities of an asteroid for future impact with Earth 
over the next 100 years can be evaluated. The NASA 
JPL experts combine the currently available observations 
of NEOs into a Sentry system, which is a highly 
automated collision monitoring system that continuously 
scans the most current asteroid and detects its potential 
for future Earth impact. Therefore, if an object is verified 
to be on an Earth colliding trajectory, it seems likely that 
this collision possibility will be known several years 
prior to the actual event. 


Given several years warning time, the technologies such 
as gravity tractor, nuclear deflection, laser focussing etc. 
could be used to deflect the threatening object away from 
Earth. The key point in this mitigation process is to find 
the threatening object years ahead of time so that an 
orderly international campaign can be mounted to send 
spacecraft to the threatening object. Over long periods, 
however, the chances of the Earth being impacted are not 
negligible so that some form of protection against NEOs 
is warranted. At the moment, our best insurance rests 
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upon on-going efforts to first find these objects and then 
track their motions into the future. 


A big and a small impact 

It is obvious that when a large object hit the earth with 
high velocity it transfers all its momentum to the ground. 
On its way to the impact, such object would also create a 
hole (pressure gradient) in the atmosphere. Within a few 
seconds after the impactor hits the surface, about 10° 
cubic kilometres of ejecta (10"* tons) is lofted to about 
100 kilometres. If the similar asteroid hits the ocean, the 
surrounding water returning over the hot crater floor is 
vaporized (a large enough impact will break through to 
the hot lithosphere and may be even the hotter 
asthenosphere), sending more water vapour into the air as 
well as causing steam explosions adding to the effect of 
the initial impact. Due to an asteroidal impact, diameter 
of the resulting crater in kilometres can be equal to; 


(Energy of impact)?*/10°” 

Plugging in the typical impact values, we get a 150- 
kilometer diameter crater for the 10-kilometer asteroid 
and a 20-kilometer diameter crater for the 1-kilometer 
asteroid. 


Smaller asteroids are much more difficult to detect. 
Indeed, as per the general rule of our solar system, the 
smaller an asteroid, the more numerous they are. The cut- 
off size of what could cause major damage to Earth, such 
as a tsunami or an airburst, is difficult to state because it 
depends upon what the asteroid is made of, e.g., a metal 
asteroid vs. a soft one. For example, a 10-meter metal- 
asteroid can produce an explosion with approximately the 
same power as the Hiroshima nuclear bomb, but that 
would occur very high in the atmosphere where it would 
be harmless. 


A summary of different scale of destruction, impactor 
size and frequency of their occurrence is shown in Fig. 3. 
Smaller ones (less than 10 meter), but enough to wipe out 
a large city, may occur at least 3 times in a century. An 
incident like Tunguska occurs approximately every 
hundred years. If this Tunguska event had happened over 
the city of Delhi, it would have been nearly destroyed. 
The larger objects (~ more than half a kilometre in 
diameter) that could cause extinction may occur less 
frequently - around once in a million year. Leaving aside 
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the rumours that a cosmic event may end life on Earth, 


Approximate intial «= = 1m 10m 100 m 
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proposed impact craters. It is difficult to trace back the 


effect of such event 


1km 10 km 
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Figure 3: Summary of the scale of destruction for different sized impacts and frequency of occurrence 


there have been hardly any large-scale asteroids or 
meteoroids that have been found to have an Earth- 
crossing path. Nevertheless, the number of astronomers 
that are looking in the sky and tracking the NEOs 
compared to the actual number of objects that may be out 
there is majorly lopsided. It therefore becomes 
imperative that more number of NEOs search programs 
should be initiated in future, whose primary goal will be 
to track and deflect the objects that are on the Earth 
colliding trajectories. 


Asteroids that have hit during the past 

It is very important in that first intellectual step to 
recognize that, very large objects have do fallen out of 
sky and made craters in the Earth. It has been estimated 
that there have been at least dozens events of mass 
extinctions so far in Earth’s history. One of the largest 
mass extinctions to have affected life on Earth was in the 
Permian-Triassic, which ended the Permian period 250 
million years ago. The event resulted in extinction of 
almost 90% of all species and it is estimated that almost 
30 million years were required for the re-evolution of life 
on Earth. The cause of the extinction during Permian- 
Triassic is still matter of debate with the age and origin of 


cause wide spread 
damage. Recently, a 
crater has been found in the Yucatan Peninsula area, 
which is believed to be possibly created by that impact. 


Over a century ago, in 1908, in an isolated region of 
Siberia, an asteroid plummeted through the atmosphere 
and exploded in the sky just above the Tunguska forest 
(Fig. 4). The devastation seared ~2000 square kilometre 
of Siberian forest, felled 80 million trees, and killed 
scores of reindeers. It was estimated that the asteroid that 
detonated above Tunguska weighed 200 million pounds, 
and was equal to 185 Hiroshima atomic explosions. 
Witnesses to the event reported blinding light, towering 
clouds, unbearable heat, and being forcefully knocked 
down by the blast (it is difficult to determine, but there 
are no recorded human deaths associated with the event). 
Many saw a ball of fire and its tail in rushing smoky 
horizon. The night sky was glowing for weeks, as 
enormous amount of dust was released into the 
stratosphere by the blast. In London, more than 10,000 
km away, one could read a newspaper at night, with only 
this light. Across the ocean, the Smithsonian American 
Observatory recorded a decrease in atmospheric 
transparency that lasted for months. Since the asteroid 
disintegrated in the atmosphere, 5 to 10 km above the 
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Earth's surface, there is no impact crater, which has led to 
many conspiracy theories about the true cause of the 
Tunguska event. 


4 ¥ 
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Figure 4: A glimpse of the forest an 


Image source: www.sott.net 


In 1490, the Shanxi province of China was directly in the 
cross-hairs of a large meteor shower. It is considered the 
most devastating ones in terms of human causality as 
several historical records report deaths of more than ten 
thousand people. However, the official record of Ming 
dynasty did not mention any deaths and it is difficult to 
get the exact number of human causality. Nevertheless, 
historians describe this as "some crazy space rocky 
material definitely went down there". This event was 
similar to Tunguska. However, the Chi’ing shower 
happened over a densely populated area. As the meteors 
fragmented in the atmosphere, a veritable cosmic buck- 
shot rained down on the inhabitants as reports described 
“speeding rocks the size of goose eggs pelting villagers”. 


The impact events continued to be observed in the 
modern times. The first known modern strike to a human 
was on April 28", 1927 in Aba, Japan, on the head of the 
five-year-old baby of Mrs. Kuriyama; a bean-sized stone 
was found on her headband, and now in a museum, 
called the Aba stone. The girl recovered several days 
later. The other event occurred on November 30", 1954, 
in Sylacauga, Alabama. A 4 kg stony chondrite crashed 


d wildlife devastation after Tunguska event 
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through a roof and hit Ann Hodges in her living room 
after it bounced off a radio. She was badly bruised. 
Several persons have since claimed to have been struck 

by ‘meteorites’ but most claims 
‘e. remained doubtful. On September 
& SS 15", 2007, a chondritic meteor 
crashed near the village of Carancas 
near Lake Titicaca in south-eastern 
Peru, leaving a water-filled hole and 
spewing gases across the surrounding 
area. Many residents became ill, 
apparently from the noxious gases 
shortly after the impact. 


Several humorous incidents have 
been also reported from other falls of 
meteorites from 1807-2008, like 
injury to cattle's when hit by shower 
of meteorite, a dog and horse struck 
and killed by meteorite, hole in the 
roof of house presumably by 
fragments big as corn and small as 
rice grains, a hole in the newspaper 
by a fragment after hitting a tree. 
Such incidents show that the effect of 
meteorite impacts can be of any range, capable of mass 
extinction to just unharmed landing on Earth. However, 
the meteorite impact events are rare and only larger 
objects could survive the high friction entry through 
Earth’s atmosphere. Statistically, the odds of getting 
killed by a meteorite impact are roughly 1 in 25000. It is 
more likely to be killed by an earthquake, tornado, flood, 
airplane crash or car crash. 


Among couple of contending theories about the origin of 
moon, one of the theories suggest that almost a Mars 
sized object hit Earth and the resulting large fragments 
were accreted as moon orbiting around Earth. The claims 
within the impact and exit event hypothesis challenge the 
premise within the giant impact theory that an impact 
with a Mars-sized planetoid led to the formation of the 
Moon, suggesting the peculiarities in the rotation of the 
planets; the formation of the Moon and the varied 
geology of Earth. All these may be explained within a 
series of interconnected, interplanetary collision events 
originating from one single source: a collision between 
Mars and a (now disintegrated) planet, the remnants of 
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which are postulated to remain within the Solar System 
as the Asteroid Belt. 


An example of "Hit and a Miss" from this living era 

It was on February 152 2013 at about 09:20 local time, 
a large fireball (Fig. 5) followed by a huge explosion 
was seen in the skies of the Chelyabinsk region in 
Russia. People rushed to windows and watched the 
contrail gradually dissipate. They did not know that it 
was a hit by a meteorite. 


Figure 5: A brilliant fireball that appeared in sky during 
Chelyabinsk meteorite hit. 
Image source: www.smh.com.au 


As mentioned earlier, events of this magnitude are 
believed to occur only once about every 100 years. The 
impactor was about 56 feet across (17 meters), roughly 
the size of a school bus. For comparison, asteroid 2012 
DA14 (which was to transit later that same day) 
measured 150 feet across (~44 meters), and the Tunguska 
asteroid of 1908 is estimated to have been about 330 feet 
across (100 meters). Based on extensive video evidence, 
the Chelyabinsk meteorite hit at a shallow angle of 20° 
above the horizon (therefore it was called a "grazing 
impact through the atmosphere") (Fig. 6). Chelyabinsk 
meteorite hit at about 64,000 kilometre per hour. It 
streaked across the Russian sky moving from the 
northeast to the southwest. The asteroid weighed about 
7,000 to 10,000 tons when it entered our atmosphere. So, 
given its size and speed, along with the measurement of 
low-frequency sound waves detected by a global network 
(the infrasound frequency of 0.4 Hz to 20 Hz could be 
heard halfway round the world), the estimated energy of 
impact was equivalent to nearly 500 kilotons of TNT. 
That's about 30 times the energy released by the 
Hiroshima atomic bomb. The bolide was about 15-20 
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km above the ground when it disintegrated above the city 
of Chelyabinsk. 


-3 
Figure 6: Reconstructed orbit of Chelyabinsk meteoroid 
Image source: http://arxiv.org/abs/1302.5377 


The resulting sonic boom shockwave shattered building 
windows across an extensive area, injuring over 1,200 
people (Fig. 7). Normally, windows tend to break when 
air pressure exceeds about five times normal, but based 
on the evidence, it's likely that the air pressure in 
Chelyabinsk reached about 10-20 times normal. Hence, it 


a a 


Figure 7: Examples of the destructions that took place due to 
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is remarkable that most of the damages were caused by 
the airburst and not by the falling fragments. As usually 
happens, much of the object burned up on entry due to 
friction and the impactor have 
experienced an incredible rate of deceleration. At one 
point, the meteor was brighter than the sun. However, 
prior to disintegrating, the air pressure accumulated in 
front of it, eventually released as a sonic boom. The 
entire event, from atmospheric entry to the meteor's 
disintegration was over in about 32.5 seconds. 


tremendous _ air 


The event at Chelyabinsk was obviously one of the rarest 
meteorite falls therefore study of this meteorite may 
provide crucial clues about impact events in general. The 
Chelyabinsk state university expedition brought around 
50 small meteorite pieces from area near by the 
Chebarkul lake on February 17" (Fig. 8). Primary 
characterization of the meteorite pieces suggests that the 
Chelyabinsk meteorite is an ordinary chondrite, the most 
common type meteorite. 
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Figure 8: Recovered pieces of Chelyabinsk meteorite 
Image source: http://saoastronews.wordpress.com/ 


With a chance to learn more about meteorites, scientists 
hope to figure out how to prevent future meteors from 
hitting the planet. An early warning system comprising of 
an array of telescopes could be set up to detect smaller 
impactors that may accelerate in future towards our 
Earth. Nevertheless, Chelyabinsk is not alone. Every day 
tons of material rains down on Earth's atmosphere and 
some of it hits the ground. In Siberia, there is a large 
enough population that can spot meteor events and find 
the remains. This obviously is not the case for the Pacific 
Ocean, which is hit by debris just as often. 
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Asteroid 2012-DA14 that made the closest flyby just 
hours after the meteor exploded above Chelyabinsk, 
Russia, missed to hit Earth. Astronomers at the La Sagra 
Sky Survey in Spain first spotted Asteroid 2012-DA14 in 
February 2012. It was predicted that the asteroid would 
come nearest to Earth on February 15" 2013. Such small- 
scale, amateur efforts to discover and track asteroids have 
become significant contributors to the knowledge of 
NEOs in recent years. 


2012 DA14, roughly a size of an Olympic swimming 
pool has raced past the Earth at a distance of 27,700km - 
the closest ever for an object of that size (Fig. 9). It 
passed over the eastern Indian Ocean, providing 


opportunity to view it from Asia, Australia and Eastern 
Europe mostly. However, a pinpoint of light was only 
seen when the asteroid passed with such a high speed. 
Some keen viewers used several live streams of the event 
on the internet, including a feed from the Jet Propulsion 
Laboratory at NASA. 


Moon's Orbit 


3-hour time ticks, times in GMT 


15", 2013 


If 2012 DA14 were on a collision course, the shock of 
rapid fall through Earth's atmosphere would cause it to 
explode which could unleash a power similar to a ~2.4- 
megaton atomic bomb. The resultant shockwaves would 
emanate through the ground and be felt for kilometres. A 
“compression wave” of force would also push through 
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Image credit: NASA 


Figure 9: Asteroid 2012 DA14; Close approach to Earth on Feb. 


the air, toppling buildings and blowing out windows. It 
certainly had capability to destroy an average sized city. 


Economic use of asteroids 
Economically, asteroids could be a useful resource in 
future. Generally, meteorites are classified as irons, 
stones and stony-irons. Most meteorites contain nickel, 
iron and the associated siderophile elements, including 
the precious platinum group elements (PGEs). This 
clearly suggests that the parent bodies of these 
meteorites, the asteroids, could be future natural 
resources. The estimated economical values of metals 
that could be extracted from asteroids are shown in Fig. 
10. 
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Figure 10: The metal in even a small Near Earth Asteroid could be worth a 


hundred trillion/billion dollars! 


The best example to emphasize on the economic worth of 
asteroids comes from the mining district in Sudbury 
basin, North America. The Sudbury basin was formed by 
an impact from a bolide approximately 10-15 km in 
diameter that occurred 1.85 billion years ago in the 
Paleoproterozoic era. The total ore mined to date in 
Sudbury is approximately 1.7 billion tonnes, including 40 
billion pounds of nickel, 36 billion pounds of copper, 70 
million ounces of platinum, palladium and gold and 283 
million ounces of silver recovered. At today’s 
commodity prices, total production and current known 
reserves in Sudbury represent a one trillion dollar value, 
which is also summarised in Fig. 10. 
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To conclude, an asteroid that falls from sky would have 
tremendous energy, depending on the size of the asteroid 
that energy would be sufficient to wipe out a city or a 
portion of the planet, or most of the life on the planet. As 
such, there is no denying for the destructive nature of 
asteroids, but plausibly they have also helped to create 
life on the Earth. They were the carriers of the precursors 
that were needed to form life on Earth. What is important 
now is to prepare for improved methods for changing the 
course of an asteroid that is on the Earth colliding 
trajectory. This could include developments in the 
mitigation strategies, knowledge of appropriate energy 
source for fragmenting asteroids and scattering the 
fragments so that they miss the 
Earth, and getting better approach 
strategy. It is obvious that 
tremendous efforts may be needed 
to defend against the asteroid, but 
once attempted it is not beyond the 
realm of possibility. 
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Interplanetary Mission Opportunities 


Introduction 

The quest for unravelling the mysteries of the universe is 
as old as human history. With the advent of new space 
technologies, exploration of space became the habit of 
the humankind. India made history and modest beginning 
by putting Chandrayaan-1 spacecraft around Moon and 
by touching the surface of the moon with Moon Impact 
Probe. More interplanetary missions are being planned 
including a Mars Orbiter mission. In this article, mission 
design aspects with the background theory are discussed. 


Fundamentals of Design Methodology 

Newton’s universal gravitation law (popularly known as 
inverse square law) that describes the principle for 
attraction of bodies provides sound basis for space travel. 
Kepler laws were independently generated empirical 
laws. Later it was proved that Kepler laws are 
consequence of inverse square law of Newton. Studying 
the motion of a spacecraft of a planetary mission involves 
gravitational attractions of multiple bodies. For example, 
an interplanetary mission to Mars involves three major 
gravity fields (Earth, Sun and Mars). It is a 4-body 
(including spacecraft) equation of motion (Eq.1) that 
governs spacecraft motion which is on a Mars mission. 


Figure 1: Force Field of Spacecraft on Planetary Travel 


p p p p 
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Where, 


[ls - gravitational constant of Sun, km/s” 

Le - gravitational constant of Earth, km’/s* 

lim - gravitational constant of Mars, km*/s” 

Tz - radius vector of spacecraft w.r.t. Earth, km 
Tu - radius vector of spacecraft w.r.t. Mars, km 
ne - radius vector of Earth w.r.t. Sun, km 
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Ru - radius vector of Mars w.r.t. Sun, km 

R - radius vector of spacecraft w.r.t. Sun, km 

Here 1st, 2nd and 4th terms on the right-hand side are the 
gravitational pull on the spacecraft, while 3rd and 5th 
terms are the gravitational pull of Earth and Mars on Sun. 
Design of transfer trajectories of planetary missions 
depends on the solution of the 4-body equations of 
motion. The initial conditions of the transfer trajectory at 
departure must be such that the spacecraft put in this 
trajectory will reach the target body and achieve the 
related target constraints precisely under the influence of 
the multiple gravity fields. 


But the equation (1) does not have closed form solution. 
The only way to obtain near accurate solution is through 
a numerical process. That is, determining the transfer 
trajectory design by conducting a search over initial 
conditions of the transfer trajectory and by carrying out 
complete simulation for each set of initial conditions of 
the search process. Further, the regions of search space 
for design variables are unknown. In design analysis 
phase, many possibilities have to be analysed and the 
numerical process will involve enormous computer time 
and sometimes solution may elude also. Evidently, this 
method cannot be used for mission planning phase. This 
brings in the necessity of having analytical 
methodologies as quick solution analysis tools. 
Analytical design methodologies provide the required 
deep insight into the design aspects, of course, under 
certain assumptions. 


Analytical methodologies for the design of planetary 
travel are based on the principles of Hohmann transfer 
and Lambert transfer problems. In 1925, Hohmann 
discovered that the velocity impulse required for 
transferring a space vehicle from one orbit to another is 
minimum if the transfer involves 180 deg of transfer 


AV> 
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Mars 
Arrival 


angle when the orbits are circular and coplanar. The 
hohmann transfer is demonstrated in Fig. 2. The point (1) 
where the transfer is initiated in the initial orbit and the 
point (F) where the transfer is ended in the final orbit are 
diametrically opposite to each other. The periapsis 
distance (perigee for Earth) of the transfer orbit will be r, 
and the apoapsis distance of the transfer orbit will be rp. 


Another important concept that is very useful in 
planetary mission design is Lambert problem and is 
defined as the determination of an orbit (conic) 
connecting any two positions in space around a central 
body for a given flight time. 


P; dt 


mf 


Figure 3: Lambert Problem Geometry 


a) Launch Opportunity 
Hohmann geometry enables to locate the launch 
opportunity for planetary travel. The positions of the 
Earth at departure and Mars on arrival are to be chosen 


Transfer orbit 


Earth at | 


Figure 4: Mars Mission Launch Opportunity 
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such that they are diametrically opposite. The minimum 
energy transfer occurs in the neighbourhood of such 
geometry. 


Hohmann transfer from Earth to Mars requires that the 
angle of separation between Earth and Mars radius 
vectors is about 45 deg. Looking for the dates in which 
this geometry occur helps narrowing down the search 
domain for a launch opportunity which otherwise is very 
extremely large. The date for departure can be searched 
in the neighbourhood of this geometry. 


b) Transfer Trajectory Design 

The design of transfer trajectory corresponding to a 
launch opportunity involves generating the orbit 
characteristics that is to be realized after trans- planetary 
injection. Lambert problem solution is central to finding 
the transfer trajectory corresponding to a launch 
opportunity. Analytical methods of transfer trajectory 
design can be grouped into three categories: based on (i) 
point conic, (ii) patched conic and (iii) pseudo conic 
techniques. These techniques differ on the force model 
used in the transfer trajectory design process. The point 
conic technique ignores the gravity fields of the Earth 
and Mars by treating them as point masses in space and 
considers only the Sun. The patched conic technique 
considers one body at a time. That is, in the close 
neighbourhood of Earth where Earth is dominant (Mean 
sphere of influence-MSI) source of the acceleration on 
the space vehicle, only Earth and space vehicle are 
considered; from MSI of Earth to MSI of Mars, only Sun 
is considered to be acting on the space vehicle; within 
MSI of Mars, Mars is the only body acting on the space 
vehicle. But, even within MSIs, the Sun will be acting on 
the space vehicle. So, Sun being major source of 
acceleration, it must be considered throughout in the 
design process. Neglecting Sun in the neighbourhood of 
target planets incur errors. The pseudo state technique 
[Ramanan, 2002; Ramanan and Adimurthy, 2005] 
considers the Sun and Earth within Earth MSI and Sun 
and Mars within Mars MSI. 


A judicious mix of analytical and numerical techniques 
subject to several constraints such as Launch vehicle and 
spacecraft propulsion system etc. provide the practical 
design philosophy for an interplanetary mission 
[Adimurthy et al., 2005]. An account of this philosophy 
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in the context of Chandrayaan mission is discussed in [3]. 


Interplanetary Mission Design 


Interplanetary Mission transfer involves three 
manoeuvres: 
(i) Trans-planetary injection (TPI) that enables the 


spacecraft escape from the dominance of Earth and begin 
its journey towards Mars. 

(ii) Mid course corrections that are needed to put the 
spacecraft on the right trajectory 

(iii) Planetary orbit insertion (POI) that puts the 
spacecraft around Mars. 


For an interplanetary mission, launch opportunities 
requiring minimum energy must be found. The sum of 
the impulses required in the above three phases has to be 
minimized. As pointed out earlier, the minimum energy 
launch opportunity occurs in the neighbourhood of 
Hohmann-like geometry. 
Because the Hohamann-like 
geometry repeats periodically 
(equivalent to a conjunction in 
astronomy) whose period is 
referred to as synodic period, 
minimum energy launch 
opportunity occurs every 
synodic period of the planet 
with Earth. For example, for 


Earth-Mars, a minimum 
energy opportunity occurs 
every 25 months. 


When the design of transfer 
trajectory is attempted using 
analytical techniques, the 
design process is split into 
several phases to suit the 
assumptions made in _ the 
modeling of forces acting on 
the spacecraft. The 
interplanetary trajectory 
design involves three major 
phases in general: departure 
hyperbolic trajectory phase 
relative to the departure planet 
from the parking orbit to the 
mean sphere of influence (MSI) of the departure planet 
(phase 1), interplanetary transfer trajectory phase relative 
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to the central body (Sun) from the MSI of departure 
planet to the MSI of the target planet (phase 2), and 
approach hyperbolic trajectory phase relative to the target 
planet from the MSI of target planet to the parking orbit 
around the target planet (phase 3). These three phases are 
to be synchronized to realize an integrated mission 
design. Firstly, the interplanetary phase (phase 2) is 
obtained by treating the target planets as point masses 
and by solving the resulting two-body Lambert problem. 
Then the determined initial conditions of the transfer 
trajectory, assumed to be at the MSI of the departure 
planet, are transformed into the conditions relative to the 
departure planet. These conditions are asymptotic relative 
to the departure planet. Departure phase is designed to 
achieve these asymptotic conditions by proper choice of 
the parking orbit characteristics. 


Phase 2 


Figure 5 Interplanetary transfer trajectory phases 


Similarly, approach trajectories are obtained by selecting 
an appropriate aim point satisfying the arrival constraints. 
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A large number of iterations must be carried out on these 
three phases to integrate them. 


The above process is repeated for a range of departure 
dates and flight durations. The transfer opportunities are 
obtained by minimizing the energy requirement among 
the feasible opportunities. The in-plane trans planetary 
injection that ensures minimum velocity impulse is 
feasible only when the declination of the asymptotic 
excess velocity vector is less than the inclination of the 
Earth parking orbit (EPO). This constraint is mainly 
driven by inclination of EPO, and so the inclination of 
the Earth parking orbit plays a critical role in determining 
a feasible minimum energy opportunity. 


Mission Opportunities 

The planetary missions, in general, are classified as (i) 
Flyby mission (ii) Orbiter mission. In a Flyby mission, 
only the TPI velocity impulse is minimized whereas for 
an orbiter mission the sum of the velocity impulses 
required for TPI and POI (Planetary Orbit Injection) is 
minimized. The TPI and POI requirements are evaluated 
and given for flyby as well as for orbiter missions for 
some opportunities of Earth-Mars transfer. For 
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illustration purposes, the Earth parking orbit size is 
assumed to be 180 km X 36000 km, that is Geostationary 
Transfer Orbit. Two cases for EPO inclinations are 
considered (i) 18 deg (ii) 50 deg. An orbit size of 1000 
km circular is assumed for Martian orbit insertion 
purposes. 


Design chart in Fig.6 present the energy requirement 
variation around the minimum energy. Two regions of 
minimum exist and they are known as type 1 and type 2 
opportunities. For type 1 opportunity, the transfer angle 
is less than 180 deg and for type 2 the angle is greater 
than 180 deg. 


The Earth-Mars transfer opportunities for a flyby mission 
are listed in Table 1. The minimum TPI impulse 
requirement varies with launch opportunities. It varies 
between 1.1 km/s to 1.5 km/s. The corresponding flight 
durations also vary between 175 days to 387 days. This 
variation is because of the eccentricity and inclination of 
the planetary orbits. 


In other words, if the orbits of the planets (say, Earth and 
Mars) are circular and coplanar the energy requirement 
for all opportunities will be the same. 
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Figure 6: Design chart for 2013 Mars Opportunity 
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Total Impulse (km/s) (TPI + POI) 


Table I Mar Flyby Minimum Energy Opportunities 


Dep. EPO Flight AV TPI Arg. Of 

Epoch Inc. Duration (km/s) Perigee of 
(deg) (days) EPO (deg) 

Jan 2014 50 327 1.135 237 
18 333 1.138 283 

March 50 308 1.095 194 

2016 18 308 1.095 17/3} 

May 50 234 1.065 178 

2018 18 238 1.066 130 

July 50 193 1277 245 

2020 18 175 1.298 299 

Sep. 50 387 1.297 236 

2022 18 387 1.297 283 


The orbiter mission opportunities and its TPI & POI 
impulse requirements are given in Table 2. The total 
impulse requirement varies from 3.1 km/s to 3.9 km/s. 
The impulse requirement is more or less same for both 
the inclinations for some opportunities. However, in 
some opportunities, about 300 m/s of difference in 
impulse exist. 


50 deg, 207days | 
18 deg, 237days 


6 11 16 21 26 31 
Day in May 2018 


Figure 7: Launch Window for 2018 Opportunity 


The variation of total impulse for 2018 orbiter mission 
with respect to departure date is depicted in Fig. 7 for the 
inclinations 50 deg and 18 deg for their respective 
minimum energy flight durations. This period and the 
flight duration are chosen because the minimum energy 
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opportunities occur in May 2018 for these flight 
durations. For 50deg inclination, launch is feasible from 
1st May 2018 onwards whereas for 18 deg inclination, it 
is feasible only after 18" May 2018. 


For 50 deg inclination, longer launch window (about 26 
days) exists within an impulse penalty of 50 m/s. For 18 
deg inclination, the impulse variation is steep in the 
feasible region offering very narrow window. Clearly, 
higher inclinations offer longer launch window. 


Table 2. Mars Orbiter Mission Opportunities 


Dep. EPO Flight AV_TPI/ Total Arg. Of 
Epoch Inc. Dur. AV_POI AV per. 
(deg) (days) (km/s) (km/s) (deg) 
Nov- 50 295 1.170/ 3.451 243 
Dec 2.281 
2013 18 300 1.211/ 3.486 298 
2.275 
Jan 50 276 1.293/ 3.908 226 
2016 2.615 
18 276 1.293/ 3.908 245 
2.615 
May 50 207 1.071/ 3.223 156 
2018 2.152 
18 237 1.066/ 3.394 131 
2.328 
July 50 208 1.321/ 3.260 250 
2020 1.939 
18 194 1.421/ 3.358 303 
1.937 
Aug. 50 347 1.353/ 3.290 218 
2022 1.937 
18 347 1.353/ 3.290 222 
1Q37 


Use of available resources for launch vehicle and 
spacecraft will constraint the opportunity further and 
poses challenge to the mission design. Launch vehicle 
delivers a maximum payload in an Earth parking orbit 
with certain orbit characteristics. 


Typical cases are demonstrated in Table 3. It is assumed 
that a launch vehicle puts maximum payload in a 50 deg 
inclination 180 x 36000 km orbit with argument of 
perigee of EPO as 195-210 deg. Similarly, for an 18 deg 
inclination maximum payload is delivered with argument 
of perigee in the range of 170-180 deg. But, from Table 
2, the required argument of perigee of EPO for a 
minimum energy transfer is 156 deg and 131 deg. 
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respectively. These values do not correspond to the AoP 
values of launch vehicle’s maximum payload capability. 


If the launch vehicle AoP is kept as a constraint in the 
design of planetary transfer additional impulses are 
required as given in Table 3. 


Table 3 Mars Mission with AoP of Launch Vebhicle’s 
maximum payload 
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Table 4: Mars Orbit Insertion Orbit Sizes and Velocity 
Impulses 


AoP Constraint AV_ AV_ Additional 
TPI/ POI Impulse (m/s) 
(km/s) (km/s) forTPI for POI 
195-210 (50° Inc.) 1.074 2.411 3 259 
170-180 1.089 2.357 23 29 
(18° Inc.) 


Hence a mission strategy must be devised through trade 
off studies such that maximum payload in EPO is 
delivered that will result in maximum payload in trans- 
Mars trajectory. The strategy is heavily dependent on 
opportunities. No uniform strategy will work for all 
opportunities. 


Further, the planetary space vehicle’s engine capability 
also must be kept in mind during mission planning. For 
example, for Mars mission in 2013, from 180x36000 km 
an impulse of 1.170 km/s is required. The propellant 
available after this manoeuvr will determine the parking 
orbit size around Mars. For example, if the space vehicle 
propulsion can deliver a maximum of 3 km/s. After 
apportionment of velocity impulse of 330 m/s for 
midcourse manoeuvres and other mission operations, for 
parking orbit insertion around Mars about 1.5 km/s will 
be available. 


Table 4 provide the requirement of velocity impulses for 
different orbit sizes around Mars. The orbit size that fits 
to available velocity budget is chosen. Propulsion 
requirement to deliver the velocity impulses is computed 
from the Rocket equation. Space vehicle Mass that 
reaches and orbits around Mars is computed subtracting 
the propulsion mass from EPO mass. 


Martian Orbit Velocity Impulse for Insertion 
pee EPO Incin= 50 | EPO Incln 
(km) 
deg = 
18 deg 
500 x 40000 1538 1581 
500 x 50000 1503 1546 
500 x 60000 1478 1522 
500 x 70000 1460 1504 
500 x 80000 1446 1490 
500 x 90000 1435 1479 
500 x 100000 1426 1470 


Further Reading: 


1) Ramanan R.V., AIAA Journal of Guidance, 
Control, and Dynamics, Vol. 25, No.5, pp. 946- 
952, Sep-Oct. 2002. 


2) Ramanan R.V. and Adimurthy. V, AIAA Journal 
of Guidance, Control, and Dynamics, Vol. 28, 
No.2, pp. 217-225, March-April 2005 


3) Adimurthy V. et al., Journal of Earth System 
Sciences, Vol.114, No.6, December 2005, pp. 
711-716, Indian Academy of Sciences, Bangalore. 


Ramanan R.V. 

Indian Institute of Space Science and 
Technology 

Thiruvananthpuram, India 

E-Mail: rvramanan@iist.ac.in 
Contact: +91-(0)471-2568438 
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NASA’s MESSENGER (MErcury Surface, Space 
ENvironment, GEochemistry, and Ranging) is the first 
spacecraft to orbit the innermost planet of our solar 
system, the Mercury. MESSENGER aims at an in-depth 
characterization of the planet’s surface, interior, 
atmosphere, and magnetosphere. These investigations 
will help answer the key quests about the planet’s 
density, its geologic history, nature of magnetic field, 
structure of the core, the unusual materials at the poles 
and the important volatiles at the planet’s exosphere. 


Launched on 3 Aug. 2004, MESSENGER reached its 
elliptical orbit on March 18, 2011 after Earth, Venus 
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spectrometers for determining the abundances of 
exospheric gases and surface minerals; EPPS 
(Energetic Particle and Plasma Spectrometer)-For 
charged particle characterization in and around 
Mercury’s magnetosphere; RS (Radio Science 
observations)- For gravity field determination of 
Mercury. 


Key Discoveries: 

1. Identification of thick water ice deposits at poles by 
both the radar and Neutron Spectrometer. These volatile 
materials might be introduced by comets, water bearing 
asteroids or other sources. 


and Mars flybys. The spacecraft is covered 
by heat resistant ceramic-fabric sunshade. 
MESSENGER orbits Mercury at a minimum 
altitude of 200-500 km and a maximal 


Mercury 


AS RORD RON 98 Gamma-Ray Spectrometer Mercury peg Altimeter 


altitude of 15,200 km. with an effectively  surtace Composition Spectrometer (GRNSIGRS) 


fixed orientation such that the sunshade | 
always faces the sun. 


Solar Assemi 


Payloads; MESSENGER carries seven 


scientific instruments and a radio science ry, brs ~ 
experiment: MDIS (Mercury Dual Imaging = Pie eickcine , 
System)- A CCD based NAC and WAC for i / ae <s 


high resolution mapping in monochrome, 
color and stereo; GRNS(Gamma-Ray and 
Neutron Spectrometer)- Provides 
complimentary data on the elemental 


MASCS 
( ) —_ 


Fast Imaging 
Plasma 
Spectrometer 


X-Ray Spectrometer ~Sy y Pe (EPPS/FIPS) 


bly (XRS/SAX) 


Mercury Dual Imaging System 
(MDIS) 


Spectrometer 
(GRNS/NS) 


eS 7 ire ) Magnetometer 
pete o" Data Proveming Unit / (MAG) 
composition upto a depth of 10 cm of X-Ray Spectrometer (OPU) a [at end of boom 


Mercury U: 


Mercury’s crust; XRS (X-Ray 

Spectrometer)- For elemental mapping of the planet’s 
surficial crust; MAG (Magnetometer)- For detailed 
characterization of Mercury’s magnetic field; MLA 
(Mercury Laser Altimeter)- To obtain topographic 
map of the surface with an accuracy upto 30 cm; 
MASCS ( Mercury Atmospheric and Surface 
Composition Spectrometer)- UVVIS and VIRS 


nit (XRS/MXU) -not shown] 

2. The anomalous pole-ward facing dark and bright 

features (at 1064 nm found at the permanently 

shadowed regions near North Pole) are consistent with 
surface layer of complex organic material and water ice. 

3. Explanation for the presence of hollows from the 

discovery of sulfur abundance by XRS. 

4. Compression stresses from cooling and contraction 
of the planet’s interior and 
combination of cooling and 
thermal contraction of thick 
lava flow units are 
identified by the unusual 
groups of ridges and 
troughs on the surface due 
to thermal stresses. 


Sources: www.nasa.gov, 
Science, Jan. 2013 
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PSLV-C20 successfully puts SARAL and six other 
auxiliary satellites into orbit 

ISRO’s PSLV-C20 has been successfully launched 
from SDSC, SHAR on Feb. 25, 2013. Besides the 
Indo-French satellite, SARAL, PSLV-C20 also placed 
six auxiliary satellites (SAPPHIRE. NEOSSAT, 
UNIBRITE, BRITE, AAUSAT-3, STRAND-1) of 
various nations into their designated orbits. 


MAVEN gets ready for Mars 

MAVEN - the first dedicated mission for understanding 
the upper atmosphere of Mars has undergone acoustics 
testing on Feb. 13, 2013. Earlier MAVEN has 
successfully completed environmental testing. Six 
science instruments aimed at characterising the solar 
wind and ionosphere of Mars have been successfully 
integrated to the spacecraft. MAVEN is expected to be 
launched later this year. 


MESSENGER embarks on second extended mission 
Mercury explorer MESSENGER embarks on a second 
extended mission after successfully completing its year- 
long first extended mission on Mar. 17, 2013. The 
second extended mission is expected to provide new 
observations of the surface and interior of the planet 
closest to the sun in an unprecedented resolution. 
Earlier, Mercury Dual Imaging System (MDIS) on 
board MESSENGER was successful in getting a global 
coverage imaging 100 percent of the planet. 


Cassini captures inquisitive features of Rhea 

During its last close flyby on Mar. 9, 2013, NASA’s 
Cassini spacecraft has captured some inquisitive images 
of Saturn’s icy moon Rhea. The features appear to 
represent an ancient cratered surface with scars with a 
graben like feature that looked surprisingly recent. The 
flyby which was at an altitude of 997 km. was actually 
intended for gravity field measurement of Rhea. 


Bepi-Colombo undergoes bake out test 

Mercury orbiter, Bepi-Colombo scheduled for launch in 
2015 has undergone bakeout tests at ESAs Phenix 
thermal vacuum facility centre. The proto-flight models 
of the Mechanical and Propulsion Bus (MPB) have 
been subjected to extreme environment which Bepi- 
Colombo would be exposed to. 


Curiosity enters and exits ‘Safe Mode’ 

Mars Science Laboratory rover Curiosity resumed 
science operations and is ready to get back for sample 
analysis after exiting a two-day precautionary ‘Safe 
Mode’ prompted on Mar. 16, 2013. Earlier Curiosity’s 
computer was changed its operating computer on Feb. 
28, 2013 after a software glitch in one of its computers. 
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Kepler discovers tiny planet system 

Kepler mission discovers a new planetary system that 
houses the smallest planet found till date orbiting a sun 
like star. This system called Kepler-37 is about 210 
light years from Earth in Lyra constellation and the tiny 
planet named Kepler-37b is slightly larger than our 
moon. 


Opportunity enters grand 10" year of operation 
MER twin Opportunity enters its 10" year of operation 
on the red planet since its landing in the Meridiani 
Planum region on Jan. 24, 2004. Since then opportunity 
has traversed a distance of 35.46 km and presently 
examining the rocks at the rim of an ancient crater. 


Curiosity on success track 

Curiosity has been successful for the first time in 
drilling an extraterrestrial rock to obtain sample from its 
interior. This was confirmed by the images transmitted 
from Curiosity that showed the transfer of powdered 
rock sample in the rover’s scoop. On the other hand, 
telephoto lens camera on Curiosity’s mast captured a 
fantastic panorama of Mount Sharp. Dozens of 
telephoto images were mosaiced to create the incredible 
image. 


Communication with Mars missions may disrupt 
this April 

Radio communication to spacecrafts orbiting Mars may 
get disrupted during this April because of the passage of 
Mars directly behind the sun from Earth’s perspective. 
This situation, called as Mars solar conjunction, occurs 
about every 26 months. As a result the radio 
transmissions can be disrupted easily by the sun. Mars 
to Earth transmissions are likely to be reduced during 
this period. 


MRO captures seasonal thawing of CO, ice on Mars 
Mars Reconnaissance Orbiter’s HiRISE camera has 
captured seasonal changes of sand-dunes in the far- 
northern region of Mars. These seasonal changes are 
believed to occur due to warming of frozen CO; layer in 
early spring. 


Kepler doing well after “Safe Mode” recovery 
Kepler resumed science data collection on Jan. 27, 2013 
after entering into a precautionary ‘Safe Mode’ for 10- 
days. The ‘Safe Mode’ has occurred due to a reaction 
wheel problem. 


Hayabusa-2 prepares for integration test 
JAXA’s Asteroid explorer Hayabusa-2 completed its 
design and will soon undergo integration test. 
Hayabusa-2 is scheduled for launch in 2014. 
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> 13'" PLANEX WORKSHOP 

PLANEX, PRL in its efforts to popularize planetary sciences in the country and training motivated young minds that 
are on the edge of taking decisions about their scientific career, conducted the 13" workshop on "Impacts on Solar 
System Objects" during January 6-12, 2013 at CSIR-NGRI, Hyderabad. PLANEX, through its workshop activity 
delivers a platform that coalesces scientific expertise engaged in planetary research bustles with the naive participants 
and makes them learn the approach for overturning the stones that are important and yet to be explored. Altogether, 35 
scholars from various science and technology streams pursuing their academic activities in different colleges and 
universities across the nation participated in the workshop. For providing guidance to the participants during the 
workshop, six experts from different scientific organizations were invited as mentors. The workshop comprised of 
lectures by experts, presentations by participants, group projects under supervision of mentors and a field trip to the 
Lonar crater in Buldhana district, Maharashtra. The participants of the workshop were provided with textbook 
revealing basics of impact processes and planetary evolution, a special issue of "Elements" on "Impacts", a copy of 
PLANEX newsletter, and a field guide to the Lonar crater. 


The workshop began with well-compiled lectures on "Impacts on solar system objects", wherein the participants were 
introduced to impact cratering as a major geologic process in the solar system, the UNISTS 2 in uae nature of impacts 
and morphological characteristics of craters formed on eS 

different solar system objects. They were made to 

understand the physics of impact cratering processes 

resulting in the formation of craters of different shapes and 

sizes under varying physical conditions. The curiosity | 

among the participants rose when they realized that the | 

craters actually serve as a window to the subsurface of any 

planetary body. Their curiosity evolved into excitement 

after they learned that these craters are actually the 

stepping-stones that may help in understanding the 

geologic processes that culminated on a planet in the past. 

Other related lectures include dating of impact craters, 

their use in relative age dating of distant planetary surfaces and on economic importance associated with these 
structures. Further, specific talks related to the two confirmed impact structures in India - Dhala and Lonar, were 
delivered. Apart from the craters that have formed on the major solar system objects (viz. Mars, Mercury, Venus and 
Moon), information regarding the source regions of the projectiles i.e. the minor solar system objects (viz. comets and 
asteroids) were also disseminated to the participants. Efforts were made to develop in them a visualization of that 
tremendous energetic process, which once initiates ends up in excavating several unknown facts of a planets interior. 


The vores sessions also included short presentations by the participants on the topic of their interest. The 
: participants displayed decent panoramas of multi- 
disciplinary approaches with which an impact 

crater can be explored. The experts shared their 

experiences by giving their suggestions and 

comments on the thoughts of participants and tried 

to bring out the novelty in their scientific 

approaches for motivating them. The participants 

were also involved in a mini-project with their 

identified mentors two months prior to the 

workshop. On the last day of the workshop, the 

evening discussions that were going on behind the 
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scene between mentors and project teams, were compiled and 

displayed in form of exciting presentations. The experts in the 

committee shared their critical views appreciating the efforts and 

bringing forward the shortcomings. A reference library was also 

arranged throughout the duration of the workshop to widen the 

scope for the interested ones and to facilitate knowledge 

assimilation. The participants also got an exciting opportunity to 

ae NAc oy oy experience a 

P B geological _ field 
trip to the Lonar 
crater, one of the 
very few known impact structures in basaltic rocks across the world. 
The geological facets of Lonar crater were demonstrated to the 
participants and experts made their best efforts to explain the geological 
units identified during the field expedition. The local residents of Lonar 
village greeted the workshop participants with a short cultural program 
depicting folk dance and drama. Local sightseeing to Golkonda Fort and 


Lumbini Park, near the outskirts of Hyderabad, was also arranged that gave a 
glimpse to the fascinating constructions of ancient times. 


On the last day of the workshop, a committee interviewed individual 
participants. A few deserving candidates were selected for carrying out 
planetary sciences related research activities at PLANEX, Physical 
Research Laboratory, Ahmedabad. The workshop concluded with certificate 
distribution to the participants and best wishes from the mentors for pursuing 
research careers in the field of planetary sciences and exploration. 


> PLANE 
is A two-day PLANEX project review meeting was 
organized during March 8-9, 2013 at Physical 
Research Laboratory, Ahmedabad, to discuss the 
progress of the projects supported by PLANEX 
programme. Thirteen Principal Investigators (PIs) 
along with some of their project personnel's 
participated in the meeting and presented their work. 
A group of experts from PRL and other institutions 
were also invited for this meet to assess them. Dr. D. 
Banerjee initiated the deliberations by inviting 
participants and sharing brief information about the 
research activities being carried out at PLANEX. Prof. S.V.S. Murty, Co-ordinator-PLANEX gave his introductory 
remarks. Noteworthy suggestions made by him include initiation of studies on comparative planetology. He 
encouraged the PIs for carrying out remote sensing studies of airless objects in the solar system, wherein he mentioned 
about the different learning aspects one could acquire while investigating the landforms produced by the governing 
geological processes. He also motivated the PIs to popularize planetary sciences by initiating new research activities at 
their respective organization/academic institutes. The welcome address was delivered by Prof. S. Krishnaswami, 
Chairman, Program Advisory Committee, PLANEX. Prof. N. Bhandari, motivated the participating PIs for taking up 
new scientific challenges that are essential for global understanding of terrestrial planets in the solar system. The 
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meeting sessions included presentations by PIs on remote 

sensing studies of solar system objects, geological investigation 

of terrestrial analogues of Moon and Mars, petrology and 

geochemical studies of meteorites, development of tools and 

techniques for analysis of planetary data sets, and payload 

development for future planetary missions. The review 

committee critically examined the work completed by PIs and 

made thoughtful suggestions while highlighting on the areas 

where necessary improvements were required for bringing up 

the quality of work. At the end of the first day, a visit to the MS- 

ICP-MS and Nano-SIMS lab of PRL was arranged for the 

participants. The participating PIs made healthy suggestions for conducting a national conference or meeting 
dedicated to planetary sciences and exploration and invoked to the committee about the benefits one could earn from 
such an active initiation. The meeting sessions concluded with the participants views about the approaches they would 
be adopting for making suggested improvements in their work. 


> NATIONAL SCIENCE DAY CELEBRATION 


Physical Research 
Laboratory (PRL) hosted 
National Science Day 
(NSD) celebrations on 
March 2™, 2013. More 


than 100 meritorious 
students participated in the 
daylong science activities, 
which included poster 
session and open quiz. a 
Various academic an. fae SS 2 i. 
divisions of PRL had setup their stalls for scientific outreach of their research activities. A stall was also setup by 
PLANEX to provide an exposure of the planetary sciences research to the students. PLANEX team displayed 
meteorite samples, posters and payload models. The students got an opportunity to interact with the PLANEX 
members as well as other scientists of PRL. Along with the students, some of their teachers and parents also 
i= ee participated in the event. The enthusiasm of students as well as the 
volunteers made the occasion a very successful scientific event. 
PLANEX members shared their views and information regarding the 
successful Chandrayaan-1 mission as well as the possible upcoming 
future endeavors (Indian Mars mission and Chandrayaan-2). Scholarships 
were awarded to selected students. It was altogether an inspirational 
event for the students. All the participants, parents and teachers expressed 
their views with great excitement taking back many scientific memories 
to share with other people. 


Back to Contents 38 


Volume -3, Issue-2, April 2013 


tWARDS & HONOURS 

> Narendra Bhandari, honorary faculty at PRL, has been conferred with the “ISRO Outstanding Achievement” 
Award, for his efforts that contributed significantly to the success of Chandrayaan-1 mission. Dr. Bhandari has 
initiated the PLANEX Program at PRL. 


Neeraj Srivastava, Scientist-SD of PLANEX, PRL, received “LPI Career Development Award” to attend aan 
Lunar and Planetary Science Conference held at Houston, USA, during Mar. 18-22, 2013 


Ramakant R. Mahajan, Scientist-SD of PLANEX, PRL, received Second “Best Poster Award” for the paper 
titled “Noble gases and nitrogen in the Martian meteorite Tissint” by R. R. Mahajan and S.V.S. Murty at 12" 
ISMAS Triennial International Conference on Mass Spectrometry held during Mar. 4-8, 2013 at Goa 


> The space physics and planetary groups at the Laboratory for Atmospheric and Space Physics (LASP), University of 
Colorado offers position for "Research Associate". Last date for submission of application is May 1“, 2013. For more 
details visit:- http://dps.aas.org/content/job-announcement-research-associate-lasp 


"45th Annual Meeting of Division of Planetary Sciences" will be organized at Denver, Colorado, U.S.A. during 
October 6-11, 2013. Last date for submission of abstract is July 18", 2013. For more details visit:- 
http://aas.org/meetings/45th-meeting-division-planetary-sciences 


Conference on "Minor Bodies in the Solar System-Meteoroids" will be organized during Aug. 26-30, 2013 at 
Poznan, Poland. The conference is open for submission of abstracts. For more details  visit:- 
http://www.astro.amu.edu.pl/Meteoroids2013/index.php 


Summer course on "Impacts and their Role in the Evolution of Life" will be organized during Aug. 16-25, 2013 at 
Kuressaare, Estonia. Last date for submission of application is April 30th, 2013. For more details visit:- 
http://www.nordicastrobiology.net/Impacts2013/General.html 


"European Planetary Science Congress" will be organized during Sep. 8-13, 2013 at University College, London. 
Last date for submission of abstracts is May 6th, 2013. For more details visit:- http://www.epsc2013.eu/ 


"76th Annual Meeting of the Meteoritical Society" will be organized during July 29th-August 2nd, 2013 at 
Edmonton, Canada. Last date for submission of abstracts is May 15th, 2013. For more details visit:- 
http://metsoc2013edmonton.org/ 


Workshop on "Planet Mars IV" will be organized during Oct. 20-25, 2013 at Les Houches, France. Last date for 
submission of abstracts is May 31st, 2013. For more details visit:- 
http://www.sciops.esa.int/index.php?project=CONF2012&page=MARS4 


Meeting on "Large Meteorite Impacts and Planetary Evolution V" will be organized during Aug. 5-8, 2013 at 
Sudbury, Ontario, Canada. Last date for submission of abstracts is May 23rd, 2013. For more details visit:- 
http://www. lpi.usra.edu/meetings/sudbury2013/sudbury20131st.shtml 


Conference on "Protostars and Planets VI" will be organized during July 15-20, 2013 at Convention center 
Heidelberg, Germany. Last date for submission of abstracts is April 15th, 2013. For more details visit:- 
http://www.mpia-hd.mpg.de/homes/ppvi/ 


The "11th Hellenic Astronomical Conference" will be organized during Sep. 9-12, 2013 at Athens, Greece. Last date 
for submission of abstract is July 8th, 2013.For more details visit:- http://www.helas.gr/conf/2013/index.php 


The "(F)IR Universe Three Years Later - The Contributions by Herschel" will be organized during Oct. 15-18, 2013 
at ESTEC Conference Centre, Noordwijk, The Netherlands. Last date for submission of abstracts is May 31st, 
2013.For more details visit:- http://congrexprojects.com/13a12/ 
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My journey towards Space Exploration and eventually the PLANEX Programme commenced with 10" PLANEX 


Workshop held at Chandigarh in 2010. I started my career as a Project Associate in PLANEX Programme. This is where I 
met some of my finest mentors Prof. S.V.S Murty and K. Durga Prasad. These were ones who were instrumental in 
instilling in me a scientific approach complimenting the engineering one. PLANEX gave me a bunch of opportunities that 
facilitated my exploration in the field of Wireless Sensor Networks, Sensors in Space Instrumentation, Hardware and 
software design. I am also obliged with the platform that provided me a number of opportunities to attend most illustrious 
National symposiums and workshops on various topics held at various places. This gave me an opportunity to interact with 
some of the elite Scientists and the Researchers around the world. I also had the honour to be associated with the PLANEX 
Newsletter as a member of the editorial board. I wish PLANEX team all the very best and hope it continues to encourage, 
nurture and educate numerous explorers like me. I would like to express my gratitude towards the whole team of PLANEX 


who has stood behind me firmly and supportively throughout my tenure. 


Aditya Bhattacharya 

Engineer - Avionics and Aerospace 
elnfochips Limited, Ahmedabad 
E-mail: aditya.bhattacharya@live.in 
Contact: +91-9712328844 
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Beijing Ancient Observatory 


Astronomy was an essentially important heritage in the religious and scholastic life of ancient China. The history of 
Chinese astronomy dates back to 2136 BC when they made the first record of an eclipse of sun, and later added 
another dazzling example that jewels their passion for astronomy - the observation of Crab supernova in 1054 AD. 
Emperors from the Ming and Qing dynasty relied profoundly on their astrologers and astronomers before making a 
decision in their war-related activities. The Beijing Ancient Observatory was built in 1442 AD during the Ming 
dynasty (1368-1644). Back in 1227, the Jin rulers moved the astronomical instruments from Bianliang to Beijing in 
the Jin Chief Astronomer's Observatory. After the defeat of Jin dynasty (1115-1234) by the Yuan dynasty (1279- 
1368), Yuan's made their capital in Beijing and constructed a new observatory just north of the site of the existing 
structure. Later in 1368, the first Ming emperor, translated his capital to Nanjing and transferred these astronomical 
instruments to the capital. It was then during 1403, 
the capital was again moved back to Beijing by the 
third emperor of the Ming dynasty. The 
astronomical instruments remained in Nanjing and 
were not transferred to Beijing, for the reason that 
the burial place of the first Ming Emperor was in 


Nanjing, and therefore artisans were sent there to : 
cast wooden copies in 1437. A new set of bronze  |fuuney Bt t 
instruments were then developed in Beijing after  Armillary sphere: To Quadrant: To 
these wooden copies measure coordinates measure altitudes measure altitude and 
‘ of celestial bodies or zenith locations azimuth coordinates 
of celestial bodies of celestial bodies 


The Beijing Ancient pretelescopic Observatory 
was initially known as the "Platform of Star-Watching" throughout the Ming dynasty, which later changed to 
"Observatory" during the Qing dynasty (1616-1911) and after the revolt of 1911, the observatory was further named 
as the "Central Observatory". Beijing astronomy observatory was officially opened for public experience in 1956, 
which then underwent necessary renovations in the early 1980s and reopened to the public in 1983. The observatory 
hosts a number of large bronze instruments for measuring the positions of the objects of the solar system that includes 
the sun, moon, planets, and stars as well. Spatially, the observatory covers an area of about 10,000 square meters and 
is divided into two parts, the platform and the affiliated building. The dimensions of the platform are 17.79 meters 
high, 24 meters long and 20 meters wide. On the top of the platform, eight bronzed astronomical instruments stand, all 
of which are lavishly carved, having been well preserved since the time of the Qing Dynasty. The traditional design of 
these instruments replicates both the power of 

: Oriental artisanship and revival of European 
understanding of measurements and physics. 
Undemeath the platform, a group of affiliated 
buildings is built with classiness. Some of the 
special instruments of the observatory are 
Armillary Sphere, Quadrant, Theodolite, 
Azimuth Theodolite, Sextant, and Celestial 


ce Bod bcs Globe. 

ape cee a pene ere ae Image Sources: antoine.frostburg.edu 
To measure azimuth angular measurement determine the rising 8 : te g. 
coordinates of celestial of celestial bodies and and setting times of www.beijing-travel.cn 
bodies solar system objects celestial bodies 
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